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Janisations are aiming for at least a computer in 
and preterably one for every few pupils. Clive 
Sinclair has become a multi-millionaire and a househeld name 
by selling small computers. As a special present children ask for 
a computer instead of a bicycle. Even W. H. Smiths are selling 
computers next to the magazine racks - aval those self same racks 
illed with computer magazines! 
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As computers get more common this attitude is slowly 
changing, but the country is still largely divided into two groups. 
There is a small but growing minority of those who can use 


computers, with a huge majority for whom they are strange, 
incomprehensible devices to be regarded with awe. 
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Computers are the way of the future. They are appearing in 
homes, in businesses of all types and sizes, in industry, in games, 
in fact in all aspects of life, The revolution may have begun, but it 
has a4 long way toc 


ant to join in the world of information technology then 
now is the time . Computers are cheaper than ever before, 
and Britain is one of the best places in the world to learn about 
them. All you need is a little patience, and to be prepared to learn 
something new 
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You can't expect to be able to pick up a computer and use it 
straight away any more than you c st ie drive a bus without some 
training. So you have to put a little effort in, but there is no reason 
why ) should not enjoy it at the same time. Computers are not 
only very, very useful in the home andin business, butcan be fun 
as well 


You could spend all your life studying computers and still not 
know evrything about them. But you don't need to know 
everything far them to be useful. All you need is a few basic facts. 


What we have tried to do in this book is take some of the 
my away fram computers, and give you those facts. We have 
articles telling you whata computer is, how to choose a computer, 
what can do with it, how it is programmed, what magazines 
are worth reading, and a little bit about what qoes on inside the 
box, After reading through them you should be able to take part 
in the national debate about the new technology. 
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We have put all these articles together so that you can find out 
what computers ean do for you, at home or at work. We hope you 
will find it interesting, and that it will help you take the first steps on 
the road towards owning, using, enjoying and profiting from, A 
Computer of Your Own 


Why doI need acomputer? 8 


They can make life easier, more interesting, and more fun. 


Here we describe how one could be of use to you. 


Find your way around 12 

A microcomputer can look a complicated piece of 
eguipment if approached incorrectly. Learn how to use it 
properly. 


Getting started 17 
How on earth do you expect to become an overnight 
computing wizard if you can't tell your RAM trom you 


ROM? 


Choosing your computer 20 

We guide you through the morass of advertisements. Are 
you really likely to need 48k capability, or would 16k 
suffice? 


A lot fora little 26 


A look at those micros currently selling for under £100, 
their good points and bad points. 


A little bit more 30 


If you can afford to lash out more than £100 on a 
computer, then read this and avoid making a purchase 
you may regret... 


Buying secondhand 38 

One retired titled owner, weekend use only, remarkable 
condition for age, no rot... yes, we've heard it all before. Is 
it safe to buy a used computer? 


Mindgames 42 


Fancy yourself as the pilot of an inter-galactic bulldozer 
sweeping aside hordes of hostile aliens, or would you 
rather pit your wits against your chip-filled opponent in a 
game of chess? 


It’s a business 46 

If you own and run your own small business then you'll 
know how time-consuming and boring paperwork can 
be. Fear not, for help is close at hand! 
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Club together 52 


If you'd like a lot of info on your micro join our club... Yes, 
computer clubs do exist and there are more being formed 
every week, Where can you find them? 


In the dim and distant past... 56 
Computers are much older than most of us think. Older 
even than Dan Dare or Dr Who! Here we take a look at 
their history and the reasons why we should be grateful 
fora bloke named Babbage. 


Remember, remember 59 

Memory is a vital part of all computers. Even the cheapest 
micro could make an elephant blush. Here we describe 
how they store such vast amounts of information and how 
their capability can be improved. 


Understand the language 62 

Parlez vous BASIC? Sprechen sie FORTH? Most 
probably not! Communication with your computer should 
be no problem once you've learned how to converse at 
their level. 


. ’ . 
Beginners basic 64 
BASIC is the first computer language you are likely to 
come across. Created with the first-time owner in mind, it 
is quick and easy to learn. Unlike some... 


How to make a Micro 71 

Chips with everything and lots of them, please. Without 
chips there would be no home computers, so let's take a 
look at how the clever little devils are born. 


Can we have itin writing? 74 

Why certainly! Plug ina printing peripheral anda micro will 
churn out the typed word until the cows come home. 
Depending on your outlay, it will bring word processing 
within your reach. This is where disc drive leaps into 
action ... 


Robotics realised 78 


Robots can be made to perform a whole host of tasks us 
humans find unbearingly tedious. They're already 
building our motor cars, and this is only the beginning! 


Super computers! 82 

This is where things get beyond a joke. After all, you 
don’t find white-coated, studious chappies playing Pac- 
Man on an IBM mainframe. How did they arrive at the 
answer 43? 


Hooked 86 


How can you tell if your best friend is a computer addict. 
When was the last time you saw him at the pub? Even 
when he was there he couldn't leave those damned video 
games alone. The man needs therapy! 


Read all about it 89 


There are almost as many magazines on the bookstalls 
about computing as there are actual computers. They 
generalise, specialise, baffle and waffle, so here we 
attempt to help you pick the one best suited to you. 


Tomorrow's world 94 

What does the future hold in the way of computers? Will 
they ever challenge us for supremacy to rule the world? 
Far fetched maybe, but with the accelerating rate of 
development we are now witnessing, your imagination 
has every right to run wild! 
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Why dolInee 
a Computer’ 


To have a tendency towards bone-idleness is 
simply human nature, but convention and the rat- 
race demand otherwise. So, if you hate hard work 

and have leisure, computing is for you! 


Whenever I get chatting with somebody 
and the conversation comes round to 
computers, the inevitable question they 
ask is “Why do I need a computer?’ 
Maybe you are thinking the same thing, 
and have bought this magazine in the 
hope of enlightenment. 


The simple, and only truthful, answer to 
“Why do I need a computer?”, is “You 
don't.” 


Nobody needs a computer. In the same 
way, nobody needs televisions, motor 
cars, central heating, deep freezes, elec- 
tric lights, radios, aeroplanes, refrigera- 
tors, non-stick frying pans, power drills, 
calculators ... 


All of these things, and many more, are 
quite recent inventions, and our grand- 
parents’ grandparents lived quite happily 
without them. They are useful, but not 
strictly speaking necessary. For example, 
if you wanted to get from Bristol to 
Aberdeen you might drive, or perhaps 
take a train, or maybe even fly. All very 
convenient and more or less comfortable. 
But you could walk instead. It would take 
you a week or more and you would be 
quite exhausted by the time you got there, 
but it would not be impossible. 


Workhorse or mean 
opponent? 


Computers are the same, except that 
they are even newer than everything 
mentioned above. In principle you could 
do anything without a computer that you 
can do with one, The difference is that a 
computer can make jobs easier, or can 
simply add to your enjoyment of life. Yes, 
computers can be fun! 


So the correct question is not "Why dol 
need a computer?” but "What can I do 
with a computer?” Speaking personally, I 
find that a very difficult question to 
answer. It is not that! cannot think of good 


uses for a computer, but that after a 
decade using computers at home and 
work, just about every day, | find it hard to 
imagine what life would be like without 
them. 


That is the sneaky thing about compu- 
ters, and the reason why they are so 
widespread - and spreading wider. You 
decide to get a computer for some 
specific job or other, and then find out that 
it can do another job as well. Then 
another, and another, until the problem is 
not to find a use for the computer, but to 
find a computer that is good enough todo 
all the jobs you know it ought to be able to 
do! 


Computers can be fun 


For example, the words I am now 
typing (and hopefully you will eventually 
be reading) will never see a piece of 
paper until they are ready for posting off to 
the publisher. They are being typed 
straight into a computer, where they can 
be edited, changed around, have spelling 
errors corrected, and generally be put 
into shape. When I decide it is time for a 
coffee break, then’ a quick change of 
program will change the computer into a 
mean opponent in a guick game of 
“Reversi”. | have some interest in astron- 
omy, and looking out of the window I can 
see that, for once, the sky is clear. Will the 
moon be out tonight? Another program 
and there is the answer on the screen, A 
few keystrokes and the computer gives 
me a printout of where the moon will be 
from hour to hour. 


If the mortgage rate changes again I do 
not need to sit and wait for the building 
society or bank to tell me how much my 
repayments will alter. | can use the 
computer to tell me, and at the same time 
decide what effect the change is going to 
have on the rest of the household budget. 


Don't get the wrong impression. I do do 
things without the computer. I use it as a 
useful tool; it does not rule me. But in the 
places where it can be used, it is very 
useful indeed. You would not use a car to 
visit ¥ door neighbours, and no 
more would even the most addicted 
computer freak use a computer ta count 
how many pints of milk have been 
delivered. But then again, |wouldno more 
calculate a mortgage repayment by hand 
than you would make that walk from 
Bristol to Aberdeen, except perhaps as 
some sort of recreation! 


ur next ¢ 


Some ideas 


So just what can a computer be used 
for? As you work through this mag you 
will see a lot ot se abe ak eae but 
we can examine a few of the high points 


here 


Education. Any teacher of young 
children will tell you that teaching 
requires patient xe and dedication, and 
that the mast effective lessons must have 
some entertainment value. A computer 
has infinite patience. It never gets out of 
bed the wr side. It never gets 
distracted. It never gets frustrated with 
its job. And the popularity of video 
games shows just how much children 
enjoy playing with computers. Educa- 


tional programs exists for most home 
-omputers, They can by no means give 
a child a full education, but they can 


certainly help. 
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Games. Yes, why not play games with 
the computer? Have your own version of 
and save on all those 
»r be without a chess 
> skill level you 


space invaders, 
ten pences 
partner, and one 
can aajust to 


that iake | you ie worlds of faniaay. 
where you are merely a passive 
tor; play one of the growing numbe 
“adventure” games and get in on the 
action! We will be having a look at the 
different types of games in a later 
section. 
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Super-calculator. If y 
calculator regularly you ‘ 
have noticed that 
same sort of calculatio 
again. Use the computer sey ad ta do 
the boring bits! Even better, the sheer 
power of the c > it 
practicable to do calculations that would 
s ordinary 
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lection. If you have 


g a little mathernatics 1 
astronomy, radio or model engineering, 
the computer can help you gain more 
from it. A gardener might like to keep 
computer records of what has been 
planted where and when and what 
treatments have been given. Many people 
find that once they start Fiaaial with a 
computer it becomes a hobby in f 


Motoring. Get the computer to keep 
records of servicing, and even fuel 
omy. If you are given an alle { 
business driving, use the computer to 
keep track of how many miles have been 
for personal reasons, and how maiy 
for work. 


Clubs and societies. If you are involved 
with a club or voluntary organisation then 
a computer can help conserve that most 
vital and ever scarce resource, man- 
power. It can keep membership records, 
note who has been put down for what job, 
keep track of expenses paid to visiting 
speakers, or whatever. If you send out a 
newsletter it can even print the labels for 
the envelopes, and include a suitable 
message if the member's subscription is 
due! 


Inthe home, laboratory or 


classroom, computers 
have a role to play. They 
have the capabilities. but 
the ideas must come ¢@ 


In the home. Depending upon the 
interest rate of the day, just how much do 
you have to put away each month to be: 
able to aiford that holiday next year 
Think of all the gadgets and devices that. 
abound in the home; froni lights and 
‘heating to. washing machines and cook: 
ens. The time is near when a ceri 
household computer will run. all a iin 
devices for-you. 
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Be lazy, get : a computer! 


When you: look -at all the- things. is 
computer can do: for you at is hardly * 
surprising that they. are: so becoming: ; 


look atthe m presaae on 
newsagents. There: are icie: cotanuiet 


combustion or electrical, i ‘Hohe for 
manual work. 


You doen't need & ebiibalie ai : 
live and run a business without using a 
computer. But people have: always been | 
great makers arid users of tools. We 
come @ long way ‘since Some. caveman’ 
noticed that thea large ‘bone: was justthe - 
thing for knocking: off: the next 
Comiputers.are just the latest link 


Computer advertisements can be very 
contusing, full of incomprehensible jargon. 
What they don’t tell you is just what you 
need to start computing! 


The simplest sensible computer system 
has three parts, the computer itself, a 
television, and a cassette recomler. The 
computer, whose virtues the adverts 
extoll, comes as a box, typically about the 
size and shape of a telephone directory. 
There will be a keyboard, similar to thaton 
a typewriter, on top. Round the sides and 
back will be all sorts of plugs and sockets 
for attaching other bits and pieces. 


The second bit is a television. One of 
the sockets on the computer will be 
marked “TV”. A lead is plugged into this 
with the other end going to the aerial 
socket of a standard television set. Tuning 
he television, usually to around channel 
36, will produce the picture from the 
computer. When attached to a computer 
ike this the television set is often called 
he display. A few computers, notably 
some American imports, need a special 
elevision, 


The third part is a tape recorder, which 
is used to save programs. This is almost 
always a cassette recorder. A reel to reel 
ape recorder can be used, but as all pre- 
recorded programs come on cassette {or 
disc; but more of that later} there is not 
much point. There are two leads from the 
computer, one going to the microphone 
socket of the recorder, and the other to the 
external speaker. 


In the early days of home computers 
the TV screen and tape recorder used to 
be built in. Then manutacturers realised 
that mest people already had a TV, so 
there was not much point in giving them 
another one, especially when it added 
quite a lot to the price. These days only 
computers at the top end of the price 
range have displays built in. 


Finding! 
your 
way 
around 
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Jargon 


There are many phrases used in 
adverts to describe computers. The im- 
portant ones are explained below. The 
display format describes how much in- 
formation can be shown on the screen at 
once. Most new computers have at least 
two display modes. In text mode letters, 
numbers and other characters are dis- 
played. The thing to look out for is how 
many lines, or rows, of text can be dis- 
played at once, and how many characters 
can fit on a line. In both cases the bigger 
the better. The minimum acceptable 
values these days are 32 characters per 
line with 16 lines of text on the screen. 


Most new home computers also have 
graphics capability. This means that 
individual points, called pixels, on the 
screen can be turned on or off. Good 
graphics are essential for space invader 
type games. The graphics resolution is 
measured by how many individual points, 
or pixels, there are in the vertical and 
horizontal directions. 


So on a computer with 256 by 256 
resolution graphics the display can be 
used as 256 lines, each with 256 points 
that can be turned on or off individually to 
make pictures. As with the text format, the 
bigger the numbers the better. Bigger 


em eee 
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numbers mean more individual points, 
which in turn means that more detailed 
pictures can be displayed. If you want to 
use graphics then a display resolution of at 
least 128 by 128 is the bare minimum. 
These days display resolutions of 256 by 
256 pixels are becoming common, and 
these can produce very fine pictures. 


Colour (or color on American imports) 
is good for games, buta bit superfluous for 
most business packages. Nearly all new 
computers can produce colour displays, 
although how well varies from one 
machine to another. Remember that the 
colours can only be seen if you use a 
colour television! 


Peripherals 


Beyond the bare minimum of com- 
puter, television and cassette recorder 
there are all sorts of add-on extras that can 
be attached to a computer. The popular 
ones are printers and disc drives. 


A printer, as its name suggests, is used 
to produce permanent copies of informa- 
tion from the computer. Printers come in 
all shapes and sizes - and at all sorts of 
price. Hardcopy is the name used for 
printed computer output. A printed pro- 
gram, produced by a printer or published 
in a magazine, is called a listing. 


Disc drives are used instead of cassette 
recorders. They have the advantage that 
programs can be loaded very quickly, a 
matter of tenths of a second as opposed to 
minutes from a tape. 


The discs used by small computers 
are called floppy dises. They are thin 
discs of plastic coated with magnetic 
material. Computers towards the top of 
the home price range - say a thousand 
pounds and up - commonly have built in 
floppy disc drives. 


Like everything else in computers, 
floppy discs come in many varieties. The 
popular size is 542 inches in diameter. 
There is all sorts of jargon, such as double 
density, quad density, double sided. 
These are just ways of getting more 
storage out of a single disc. 


Recently micro drives have started 
appearing. These are very small and 
hence quite cheap floppy disc units. 


Operating systems 


Once a computer has discs it turns out 


Binary 
explained. 
The blank 
squares 
represent 0 
and the 
dark 
squares 1. 
Thus, 6 in 
binary form 
would be 
0110. 


8.421 


that you can get away without having a 
Basic interpreter in ROM. Instead you 
add more RAM, keep the interpreter on a 
disc, and load it into memory whenever 
you want to use it. 


To do this an operating system is 
needed. This is a program which is used 


to control the computer, load programs 
from disc, keep directories of what pro- 
grams are on disc, and so on. The most 
popular operating system is called 
CP/M. This system is fairly easy to use, 
and is not restricted to any one manufac- 
turer. The advantage of buying a CP/M 
computer is that there is a lot of software 
already available. 

To use CP/M, or any other similar 
system, floppy discs are essential, and at 
least 64 k-bytes of RAM is needed to get 
the best out of it. For such a system you are 
talking about at least £1,500, including 
the operating system, which is getting 
beyond the scope of this book. 


Communications 


Computers can send and receive infor- 
mation in two forms, parallel and serial. In 
parallel communication several bits, 
usually eight making upa byte, are sent at 
once, with one wire for each bit. Because 
several wires are involved parallel links 
are usually used only over short 
distances, such as from the computer toa 
printer. 


SUPERB SPECTRUM SOFTWARE 
QUALITY THAT LEADS THE FIELD! 


DERBY DAY for the 48K Spectrum .... ONLY £5.95 inc P&P 
Gambling on any horse in the field up to 5 players can lay bets with 
Honest Clive Spectrum the bookmaker as the horses circle in the 
parade ring, Will Clive keep that smile? Watch the race begin as the 
tape lifts and marvel at the amazingly realistic 3D perspective 
animation as the riders jockey for position. See the horses and 
riders in full flight as they pass Spectators (no pun intended) and 
into the home straight past the stands. Hold your breath at the slow 
motion finish. Sound and Colour is used to it's fullest in this 44K of 
superb programming. Not recommended for compulsive 
gamblers. 


SOON TO BE AVAILABLE 


IN W. H. SMITH & MENZIES 


RESCUE for the 48K SPECTRUM ...,........ ONLY £5.95 


How can we Summarize in a short ad, an adventure game that 
needs a Special Program to detail its Rules! Very, VERY simply, you 
must find the Map and Radio then plot your route and monitor 
patrols as they scour the 40+ locations you are travelling through, If 
you have the right equipment you can cross into Secret territory in 
search of the Castle and the imprisoned Princes. If you manage to 
find it and gain entrance there are many trails and tests. If you 
manage to find thie Princess you must still return to base with her. 
Utilises all the Spectrum's facilities and takes hours to play. 


ALL PRICES INCLUDE VAT & P&P. 


TEST MATCH FOR THE 48K SPECTRUM.......-ecenescosssess £5.99 
This is a 3D simulation of both a full test match or selection of one 
days games. You can choose the teams yourself or use the 
Australian and England sides that the computer already has. 
A must for the Summer, which uses the Spectrums facilities to 
the full. 


SELECTED TITLES AT BOOTS 
AND FROM THE 
SPECTRUM GROUP 


JACKPOT for the 48K SPECTRUM ONLY £4.95 
A complete simulation of a popular fruit machine, using definable 
graphics to the fullest. It contains a complete introduction to the 
rules of it's HOLD, NUDGE, GAMBLE and FEATURE BOX with 
animated demo. Memory mapped reels, simultaneous revolution, 
staggered stop, animated bet and payolt, payout board and 
realistic sound effect recreate the original. A must and a wallet 
saver for any Fruit machine buff. 


DEALER ENQUIRIES WELCOME 


MAIL ORDER FROM: COMPUTER RENTALS LTD., 


140 WHITECHAPEL RD., LONDON E1. 


Tel: 01-247 9004 
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Over longer distances seria] communi- 
cation is used. In this just a single wire is 
used, with one bit tollowing another. Extra 
bits are added to indicate where one byte 
ends and ancther starts, so keeping the 
sending and receiving device in step with 
each other. The baud rate is the number 
ot bits sent down the wire each second. 
The number of bytes transmitted each 
second is roughly one tenth of this. 


A modem is used to convert serial 
signals into audio tones, which can be 
sent down telephone wires, or over radio 
links. This allows computers many miles 
apart to exchange informaton. It can also 
allow a home computer to get at large coi- 
lections of information, called data bases, 
such as Prestel. 


Before they can be connected te the 
telephone network, modems have ta be 
approved by British Telecom. To get 


round this an acoustic coupler can be | 


used. This is a box into which a telephone 
handset can be inserted, and no electrical 
connection is needed. 


Sound 


A lot of computers have some sort of 


sound output. Like colour this is good for - 
games and amusements, but not too | 


important for business. Just what sound 


facilities are included ranges greatly, © 
from a simple beep" to complex, multi- 


channel noise generators. The sound can 
come out two ways, either through the 
television or through a separate speaker 
in the computer. The quality is usually 


better when a separate speaker in the / 


computer is used. 


Bits and bytes 


Internally computers work with bits. A 


bit is the simplest possible piece of : 


information. It can be O or 1, or in elec- 
trical terms, on or off. A set of eight bits is 
called a byte. The sort of arithmetic that 
works in bits is called binary. You don't 
really need to know anything about 
binary arithmetic to use a computer, as it 
is all decently hidden away inside the 
box! 


Many adverts say which processor a 
computer uses. This is just the species of 
microprocessor that lives in the box and 
drives everything else. There are many 
microprocessors, some more popular 
than others. They have names such as 
"6502", “Z80A" and “6809”. Although 
some adverts make great play about 
which microprocessor is used, it really 
does not matter very much, especially if 
this is your first computer. 


One measure of the power of a micro- 
processor is the number of bits it can deal 
with at once. Nearly all home computers 
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To work as a computer the processor 
needs a memory. This has two purposes. 
The first is to store instructions that the | 
processor will chey. A sequence of in-: 
structions is, as we have seen, called a 
program. There can be several programs 
in the memory at any time, but the 
processor can obey only one at a time. 
When the processor follows a sequence of 
instructions it is said to be executing the 
program. 

The second use of memory is to store 
intormation. The sort of information stored 
depends on the program. For a space 
invaders program the positions of all of 
tne aliens. the number of spare bases, and 
so on, must all be kept in this memory. For 
a word processing program, the text that 
has been typed in has to be stored. This 
stored information is called data, 

A computer is no use if it just sits in a 
corner obeying instructions; it has to be 
able to talk to the outside world. For this it 
uses input-output devices, such as a key- 
board, which the programmer uses to 
type in programs, and a screen (maybea 
television), which the computer uses to 
present its results. These devices are 
lumped together under the name I-O, 
which is just an abbreviation for input and 
output They are also sometimes called 
peripherals. 

To do anything, a computer needs all 
three of these parts. Following the pro- 
gram in its memory it takes information 
from its input devices, such as letters 
typed on a keyboard, or whether a notthe! 
“tire” button in a space invaders game is’ 
pressed. It stores this information in its 
memory and operates on it, again accord-: 
ing to the instructions in its program,’ 
which are obeyed in strict sequence, one 
after another, one ata time. At some stage’ 
the program will probably instruct the 
computer te send information to an output 
device, Result? One more alien zapped 
from the screen, or another beautifully! 
formatted, text processed final demand: 
from the tax man. The general principleis 
always the same, only the programs are’ 
ditferent. : 


There are two important words which 
crop up a lot hardware and software. 
Hardware is exactly what itsound like, the 
actual bits and pieces, chips, keyboards, 
circuit boards. Software is another name 
for the programs. As its name suggests, 
soltware is not fixed and permanent, but? 
can be changed. It is like a television; the 4 
hardwere is the set itself, with buttons and ! 
knobs on the front; and the cameras and: 
transmitters at the other end. The software 
is the programmes that are transmitted | 
For the system to work, both software and’ 
hardware are needed. A television set is: 
no use if nobody has produced any | 
programmes! 


re a inc ella 


IN 
STARTED 


Before setting foot in the big bad world of 
| computing it’s best to form a simple 
knowledge of what one is and what it 

| does. 


PERIPHERALS 


Central Processing Unit 
(CPU) 

Obeys instructions from 

the memory. "The brain”. 


Keyboard 
for giving 

commands to 
the computer 


Data stored 
and recalled 
from memory 


Instructions 
to the CPU 
from memory 


Television 
for the 
computer 
to display 
results, 


Memory, used for storing 
instructions (the 
program) and information 
(the data). 


Cassette 
recorder 
used to 
store 
programs. 


The components of a small computer systerm. On the 
left are the “innards”, consisting of the Central 
Processing Unit, or CPU, and some memory. On the 
right are some typical “peripheral” devices, used to 
communicate with the outside world. 
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Think of a computer as a very 

nt, but very s c 
xactly what it is 
and cE srtainly no more 


Most im 
how to do 
remember 
over and « 


el 


no 


tantly, once it has been told 
nething, it can be made te 
one, and re 


it was « 
again 


Imagine teaching 
make a cup of tea. First, 
them where the tea and milk are ; 
how to fill the kettle « witch it on, tell 
them to wait | tor it te _ and then go 
thre of warming the 
pat anal 8 a give all of 
these instruc very time you wanted 
a cup of tea made, made you'd probably 
give se and do it yourself! 

But of course you don't normally have 
to repeat the instructions every time. 
Once will usually be enough, and from 
then on that person should be able to 
make a cup of tea completely indepen 
dently, without help from you. 


gh 


A computer is just the same. It knows 
only how to do a few fairly simple opera 
tions. And anything more complicated 
must be built up as a series of these op 
tions. Once the sequence of instruc 
n be repeated ov 


has been given it ca 
and over again 


The sequence of instructions given toa 
ymputer to perform some particular task 
called a program. Writing a program for 
a computer is called, as you mightex t, 
computer programming. Forget all the 
mystery that surrounds computer pro- 
gramming; all it means is writing a set of 
instructions that make the computer per 
form some operation. 


Programs can be very long and com- 
plicated. Go back to the ample of 


making 4 cup of tea fora moment. Once 
someone know 
you might g¢ 


o show them how 
—— was ashing 7 up, 
could 
“how to 
ertainly not 


well go on 
make break 


that me ale ng breakt 
these thir a certain rien 


Space invaders to word 
processing in a few easy 
steps 


When it arrives i how 
a few things By t lling it t bei } 
sequenc I 5 
Sebi hia actions can be 
smplicated actic 
can themselves be combined, building 
up to anything from a space invaders 


ons, more 
built up. TI 


The diff between programming 
a computer a a meo 
to make tea is th at with the co mputer you 
nothing for granted. Yc annot 
assume that it will know that when 
pouring out the tea it is n asary to stop 
when the cup is full - unless told other 
e it would quite happily yn pouring, 
tilling the 

latchen flo é 
remember its ing structions for 


No nputers 
the kitchen makinc 
instead on numbers 
fons 4 computer can F CUTS are 


how 


can ta 


m't wander round 
of tea, but work 
The sort of instruc- 


Ww 


sequence of instruc 


Unio tunately computers do nots 
Eng so instructions, ¢ 


must ; 
Oo king 
in later 
All of the computer pri a ae and 


ood part of this book, is about} 
wantit lo doin terms thi ati te 


Mind your language 


The instructions that a processor can 
obey directly are very, very primitive and 
each by itself does not do very much. A 
program consisting of such primitive 
instructions is called machine code, and 
we shall be taking a closer look at this 
later. Because each individual instruc- 
tion does so little, a hell of a lot of them are 
needed to get the machine to do any- 
thing even slightly complicated. Pro- 
gramming directly in machine code is 
really only a job for masochists with 
insomnia. 


Fortunately there is another way. High 
level languages have been invented that 
allow instructions to be given in a form 
vaguely approaching English. What hap- 
pens is that the programmer types in a 
program using one of these high level 
languages. A special program, which is 
almost always part of the software sup- 
plied with the computer, takes the high 
level language typed in and turns it into 
machine code automatically. 


There are lots of different high level 
languages. The most common one on 
home computers is called BASIC. A 
program in BASIC to add two numbers 
together might look something like this: 


10 INPUT “TYPE IN THE FIRST 
NUMBER", A 

20 INPUT “TYPE IN THE SECOND 
NUMBER’; B 

30PRINT “THE SUM IS", A+B 


Microcomputers Limited 
9 Carnaby Street London WIV IPG 


r Telephone: 01-434 4174 (5 lines) 
21879/25247 FP] 


Telex 


Each line of the program has a number. 
The first line contains an INPUT instruc- 
tion, which tells the computer to print the 
message given and wait for a number to 
be typed in. The second line is similar, and 
gets the second number. The last line tells 
the computer to print out the result of 
adding the numbers, with a suitable 
message. 

So far all we have is a fancy calculator. 
The great advantage of a computer is that 
it can choose different actions according 
to what is going on. Here is another 
program which finds the bigger ot two 
numbers: 


10 INPUT “TYPE IN THE FIRST 
NUMBER”; A 

20 INPUT “TYPE IN THE SECOND 
NUMBER’; B 

30 IF A>B THEN PRINT “THE FIRST 
NUMBER IF BIGGER” 

40 IF B>A THEN PRINT "THE SECOND 
NUMBER IS BIGGER” 


In this program what the computer 
does depends on what values are typed 
in. The ability to change its course of 
action depending on what data is given to 
itis what distinguishes the computer from 
other machines. Of course it does mean 
that the programmer has to tell the 
computer what to do in all possible 
circumstances. Don’t worry too much 
about the details of this just yet. All will be 
explained. 


When a BASIC program is typed in it is 
stored in a type of memory called RAM. It 
is pronounced just the way it looks, as one 
word. The various sorts of memory are 
described in a later section, but for now all 
you need to know is that anything stored 
in RAM is not there permanently, but can 
be changed or removed altogether. As 
well as programs, RAM is used for any 
data the program uses - such as the 
numbers in the example programs on this 
page. 


There is another sort of memory, called 
ROM - also pronounced how it looks. 
Anything stored in ROM is there for 
keeps. Computers nearly always come 
with some ROM containing important 
software, such as the BASIC interpreter, 
and the program that lets you store BASIC 
in the memory. Programs in ROM are 
sometimes called firmware. They are 
fixed and solid, like hardware, but are 
nevertheless still programs, like software. 
Because they sort of come in between 
hardware and software they are given an 
in-between name. 


Well, that is a quick run-down of whata 
computer is. Some of this may well seem 
odd or difficult to follow at first, but don’t 
despair. All should become clearer as 
you work through the various sections. 
Even if it doesn’t, you don't really have to 
know a damned thing about computers to 
enjoy a game of space invaders, or to 
send your own text-processed letters 
back to the taxman. 


The Bytes That Don’t 
Break Your Bank 


No matter how much money you’ve put aside to buy a personal 
computer - we’ll ensure it’s wisely spent. 


Whether it’s an inexpensive home computer such as the 
Sinclair or a full blown business machine like the ACT Sirius, 
you'll get our expert advice and total support. 


From our wide range of personal computers we can help you 
decide upon the particular model that will best suit your needs. 


You'll also be able to choose from an extensive range of games 
and business software which is supported by our team of 


consultants. 


So no matter how large or small your budget come to the people 
who care that its all well spent. 


F & P Microcomputers Ltd 


9 Carnaby Street 


27 High Street 


Thames Ditton, Surrey KT7 OSD 
Tel: 01-398 7531 
Telex: 25752 EUROLAG 


London W1V 1PG 
Tel: 01-434 4174 (5 lines) 
Telex: 21879/25247 FPJ 


CHOOSING 


YOUR 
COMPUTER |. 


You'll need to make several decisions before 

paying out your hard earned cash. Here we 

give you the questions to ask yourself - and 
provide some of the answers! 
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CHOOSING 
YOUR 
COMPUTER 


Buying a computer, especially for the first 
time, can be a daunting experience. You 
may be thinking of investing quite a lot of 
your hard-earned shekels, so instead of 
splashing out on the first one that takes 
your fancy, it pays to do the job properly. 
Doing the job properly in this case means 
taking a few decisions before you even 
start looking at the advertisements. 


The first thing to decide is how much 
you can aftord to spend. This may seem 
obvious, but it is surprising how often it 
gets overlooked. 


The next decision is what you want the 
computer for. If you want itfor accounting 
in a small business then your require- 
ments are going to be very different to 
those of someone who mainly wants to 
play games, and different again to those of 
someone who just wants to learn about 
computers. 


Most probably you will want it for a 
variety of reasons; to learn about com- 
puters; maybe play a game or two; 
perhaps to help your kids in school. But be 
realistic. No way are you going to geta 
computer for £20 that can beat Bobby 
Fisher at chess while simultaneously 
analysing where Michael Foot went 
wrong, 


Whatever the reason, it is important to 
decide before buying, so that you don't 
get tempted into paying for a miracle of 
technology that is brilliant at controlling a 
power station, but not much else. 


Once you have decided what you want 
and how much you can afford, it is time to 
look around, After a while you may find 
that you have been over-optimistic, in 
which case go back to the beginning and 
start again. 


Now comes another decision. New or 
secondhand? There are usually bargains 
to be had in the secondhand market, but 
it can be a risky business. A later article 
will help you avoid some of the pitfalls. 
Let's assume for now that you have 
decided to buy a new machine. 
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Heresies 


Buying a computer is a bit different to 
buying most anything else, for several 
reasons. 


The one that really takes some getting 
used to is the “technology trap”. Unlike 
beer and other staples of life, computers 
are getting cheaper. What's more, they 
are getting better. For nearly every month 
that passes some manufacturer or other 
announces a super duper new computer 
that has more memory, better colour, 
more sound, a prettier box, and all at a 
new low, low price. If you were buying 
soap powder you would probably dismiss 
all this as so much advertising propa- 
ganda. With computers you can't. The 
advertisements usually speak the truth. 
The new products are indeed better and 
cheaper than their predecessors. 


This gives you something of a problem. 
Do you buy now, or wait a little for the next, 
better machine to come out? Well, | have 
known a couple of people who have 
decided to wait for a better computer to 
come on the market. When that arrived 
they waited for an even better one. And 
another, and another. The result was that 
they spent a couple of years not buying a 
computer at all. So the answer has to be - 
buy as soon as you are ready, and you will 
just have to live with the fact that by the 
time you learn how to drive the thing it will 
be obsolete, and you could have boughta 
better one for less, just by waiting. This will 
be true for at least the next few years, no 
matter when you decide to take the 
plunge. 


Just console yourself with the thought 
that at least you didn't buy one last year, 
when they were more expensive, and not 
as good! 


The technology trap has a few side 
effects. A sadly common one is the “I must 
get rid of this computer because it is 
obsolete and buy a new one” syndrome. 
Just because a computer is “obsolete” 
does not mean that it will stop working. So 
even if your computer does become an 
object of scorn, derided as a museum 
piece in a few years’ time, you can still go 
on using it. 


As the prices of new computers drop, so 
do the secondhand values of old ones, 
especially at the cheap end of the market. 
If you are thinking about buying a 
computer and then selling it for not much 
less than its new price a year or so later, 
forget it. By that time there will be new, 
cheaper models around, so no one is 
going to look at your machine at anything 
except a really knock down price. 


What to look for 


The computer you choose is obviously 
going to be largely determined by how 
much you are going to spend. At the 
bottom end of the market, say £50 or so, 
your choice is very restricted. But your 
price limit goes up so does your freedom 
of choice. 


Look through the adverts in computer 
magazines. More and more high street 
shops are now selling computers, so go 
along and pick some literature if you can. 
These are some of the things you should 
be looking for: 


Price. Obviously! 


Hardware. How much RAM does it 
have? The more RAM the bigger the 
programs you can run. If you want to play 
games you will probably want colour 
graphics and sound output. Does it have 
these? What does the keyboard look like? 
A good keyboard costs more, but is easier 
to use. Using cheap keyboards is one of 
the ways manufacturers use to set the 
price down. Does it look generally well 
made and solid? 


What firmware comes with it? In most 
cases you will get BASIC, but some 
versions of BASIC have more facilities 
than others. Increasingly, manufacturers 
are building in extras, such as machine 
code handling programs. Are these use- 
ful to you? 


What extras will you need? Almost 
certainly a television and a cassette 
recorder for storing programs. If you want 
colour pictures then you will need a 
colour television, although any computer, 
celour or not, can be used with a cheap 
black and white portable {but in black 
and white of course), 


If you already have a cassette re- 
corder, can that be used? Watch out tor 
this one, because unless you spend a 
fortune on disc drives, you will almost 
certainly need a recorder to keep pro- 
grams on. If you type in a program and 
then do not save it before switching the 
computer off it is lost and gone forever. 
With most computers any reasonable 
recorder can be used, but one or two 
manufacturers arrange matters so that 
only their own, custom recorders are 
suitable - which they then sell at rip-olf 
prices, 


Is it expandable? Maybe you can buy 
something with a moderate amount of 
memory and add more later. Eventually 
you might want to add a printer or disc 
drives. Can this be done easily? What 
other add-on goodies are available that 
you might like one day? 


Documentation - instruction books 
and manuals. What comes with the 
machine? Is it understandable and com- 
plete? Especially if you are new to com- 
puting, the manual that comes with your 
first machine is vitally important. 


Software availability. What ready- 
written programs can you get for it? As 
well as the original manufacturer there 
will be many small and large firms 
advertising programs in the magazines. 
Actually, this is quite a gaod way of 
deciding what the machine can do. Take 
a browse through the ads, and see whatis 
for sale. The type of programs on offer 
usually gives some indication of what the 
machine is good at. 


Servicing. Computers are reliable, but 
still do go wrong from time to time. How 
long is the guaranteed period? You might 
be surprised at how short some of the 
guarantee periods are! What are the 
servicing arrangements if something does 
wrong? 


Delivery. This one only applies to mail 
order. Atter you have sent the order in 
how long will the computer take to arrive? 
This can be almost impossible to estimate. 
Even though the advert may claim 28 
days delivery, the actual wait can be 
much longer. Some well known firms 
have become notorious in computer 
circles tor the delays their customers have 
had after ordering microcomputers. 


Keep all these things in mind when 
deciding what to buy. What they add up to 
is deciding how well suited the computer 
is to your particular needs, and how easy 
it is to use, both now and in the future, 
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What to do 


So you've decided what computer you 
want. Itis the right price, looks as though it 
can do all the right things, and you have 
discovered all the hidden extras. Time to 
write out the cheque, yes? 


No! 


First of all, try to find somebody who 
already has the same model you are 
thinking of buying, and can tell you about 
any problems. Your computer club may 
be able to help here. Better still, ask if you 
can try it out. Beware that anyone who has 
bought a particular model is probably 
going to be a bitover enthusiastic about it: 
nobody likes to admit that they did not 
make the best choice. 


If you are buying by mail order there is 
not much else you can do. Wait a day or 
two before sending off the order, to give 
yourself time to think. If you are still 
satisfied that you have found the best buy, 
send off the order and sit back and wait. 

If you are buying from a shop then as 
well as doing your own homework ask for 
a demonstration, but be reasonable. If you 
are planning to spend a couple of 
thousand then it is reasonable to expect 
the salesman to spend a fair bit of time 
demonstrating and letting you try it If 
you are only spending £50 or so then he 
can only afford tospend afew minutes with 
you. Don't be intimidated by the sales- 
man. He is supposed to sound confident, 
but may well not know much more than 
you do. 


Watch out for high pressure selling. | 
have had some amazing experiences, 
especially in computer shops. Their sales- 
men must be on a fantastic rate of 
commission. 


Listen to al] the salesman has to say, 
try the machine out if possible, and then 
offer your thanks and walk out of the shop. 
Take some time to think about it; an hour, 
a day, a week, whatever you need; Then, 
and only then, go back to the shop if you 
still want what they are selling. 


Never, never buy a computer on your 
first visit to the shop, especially if you area 
beginner. Don't worry about wasting the 
salesman’s time - that is what he is paid 
for. And tor goodness’ sake, don't buy a 
computer just because he is nice to you. 
However friendly the salesman seems he 
is not interested in giving you a good deal, 
only in selling his computers and getting 
your money. 


Spending money 


If you are planning to spend a lot of 
money, say over £1,000 or so, it may be 
worth thinking about buying something 
cheap first, such as a 2X81 for about £50, 
just to make sure that computing is for 
you. 


If you do not have enough cash for what 
you want straight away, some dealers 
offer hire purchase agreements. Make 
sure obviously, you can afford the 
monthly repayments: 


Alternatively, many of the high street 
retailers take Access or Barclaycard. 
Check first: because of cut-throat com- 
petition on prices, some shops impose a 
surcharge - anything up to 4% for credit 
card sales. 


If you have enough ready money to 
pay for the computer there and then, it is 
worth asking if there is any discount for 
cash. You may be able to get 1-2% off 
with a bit of luck. Saying “If you give me 
2% off | won't use my credit card” could, 
in some cases, be quite effective. 


Honeywell's new VLS computer - the 
top-of-the-line very large scale dual pro- 
cessor computer. There's a maximum of 
128 million bytes of main memory and 128 
channel function slots. 


~ UNDER £100 


Computer manufacturers seem to think that 
£100 is a magic number! If they can only get 
their price down to £99.95, instead of 
£100.05, they are convinced that the world 
will beat a path totheir door; they will sell twice 
as many computers, and retire on the 
proceeds. 


If you are on a limited computing budget 
then this is the section for you. Itlooks at whatis 
(to be brutally honest) the cheap end of the 
market. But just because a computeris cheap, 
does not mean it is not worth buying. 


Of course, £100 is not a trivial amount of 
money, and so all the rules of thinking hard 
before you buy, apply just as much hereas for 
expensive machines. And if you are looking 
for the absolute best for your cash and have 
time to look around, then don't forget 
secondhand! 
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Types of computer 

Computers under £100 come in four categories: “Conven- 
tional” home computers; pocket computers; single board and 
development systems; and imaginary computers. 


Imaginary computers? Well, yes. It seems to have become 
standard practice for computer manufacturers to leak snippets 
to the press about “a fantastic machine with colour graphics, 
sound, built-in autornatic tea maker,” and just about every- 
thing else that will be released atan absurdly low price in justa 
few months... At the time ot writing this, at least three rumours 
about forthcoming machines are circulating, while a couple of 
companies have even made tirm announcements that they are 
bringing out something new. But who knows when? 


Even worse, it has even been known for companies to 
advertise computers for sale by mail order with “28 days 
delivery’ when they are nowhere near ready, or the 
producuon line is still being tooled up and there are hardly any 
stocks availabie. Ge to any computer club and you will hear 
tales of woe trom would-be programmers about delivery dates 
ot anything up to a year ahead. 


Fortunately there is now an easy way out of this for the 
customer. And thats you. At least in the £100-and-under 
range there are now masses of shops selling computers, and 
not justin the big cities. So if your price range is the one we are 
discussing then the best advice is to forget mail order, go to the 
shops, and buy only what you can take away there and then. 
Don't take the risk of having your money tied up, waiting foran 
imaginary computer to become real! 


Pocket computers 


There are four or five pocket computers on the market for 
less than £100. These can be great fun if you are already into 
computing, but are not really recommended for the first-time 
buyer. Those within our price limit have very little memory, 
and all your programming has to be done via a small display, 
showing maybe a few tens of characters at mast. So if you get 
offered a pocket computer, just admire the technology and 
walk by quietly. 


The other type of computer to avoid if you are a beginner is 
the “single board” or “development” system. These are not 
found in the high street shops, being confined to specialist 
outlets and adverts in the magazines. 


A single board system consists essentially of the innards ofa 
computer, with no box round it. They are great for the person 
who likes experimenting with hardware, but unless you are a 
techno-treax, they are nor the prettiest thing te have sitting on 
the coffee table. They are also very prone to sudden death at 
the drop of a coffee cup! With their inner workings exposed 
naked to the world, complete with wires wandering around, 
they cannot be simply picked up and put away like a properly- 
packaged system decently clotned in a box. 


So-called “development” systems are much the same, but 
usually do not even have Basic. They are designed for use in 
control applications, or to help somebody designing a 
dedicated microprocessor system, and usually have to be 
programmed in machine code. Again, great for the experi- 
menter, but they are nct on if you are just starting out. 


Conventional computers 


Having disposea of imaginary, pocket, and single board 
computers we are left with what can be called “conventional” 
computers. These all come neatly packaged in a box and have 
a keyboard of some sort built in. 


In the price range we are talking about, no computer iexe 
the packet/development types) has a built-in display or tape 
recorder, To get into our particular list, a computer must be 
usable with a standard TV, an ordinary domestic tape recorder, 
and of course cost less than £100. 


With these limitations our list comes down to just four 
computers, and we will look at these more closely. 


Sinclair ZX81 


This marvellous little machine is really the cneapest way into 
computing, and is reportedly the best-selling mode! ever. 


It's official price is £49.95, but itis being sold for £2! 
some shops. It has just 1k-byte of memory, but add-on “RAM 
packs’ can be had for about £30 to give 16k of memery. This 
brings the total fora 16k machine to slightly under £70. A small 
printer is available for another £40. 


It comes in a natty little wedge-shaped black box about 
seven inches square, an inch or so high at the back sloping 
down to the front. It has na sound facility, and the display isin 
black and white only. 


which 
xample, 


The ZX81 uses a slightly unusual version of Basic 
features ‘single key entry”. This means that to get, fo 
the PRINT statement you just press the “P" key. Thi res quite 
a lot of typing, and itis just as well because the keyboard is nat 
too similar to a typewriter keyboard. It is of the “membrane” 
type.,and gives very little “feel of whether a key nas been 
properly pressed or not. 


Fortunately most of us are not touch-typists, but work by the 
good old “I know [ saw that letter on here somewhere” 
technique. Speaking to 2X81 users a curious pattern emerges, 
Those who have had a lot of experience with more expensive 
computers tind it difficult to get to grips with the single key 
entry system. Newcomers who have never known anything 
different wonder what all the fuss is about! 


The Basic it uses has one notable omission - tne DATA, 
READ and RESTORE set of staterments. Ho sr it has some 
nice features, including the way it handles strings in much 
neater - than - “standard” Basic. 


It comes with a very well-written manual, which takes you 
gently from the beginning to quote sophisticatea features of 
Basic. A handy set of reference appendices are exc 
arranged tor the experienced user who know 
cannot remember some tine point of detail. 


WwW 


With something like half a million ZX8ls sold, there is a 
massive amount of software available, including son 
exceedingly good games although nearly all the interesting 


programs need the 16k RAM-packx. There are also ail serts of 
add-on goodies available. 


Saving and Joading programs can be a bit of a trial as the 
ZX81 is very particular about the volume setting. Once this has 
been established it wili usually behave, but getting it right the 
first time can take a frustratingly long time. 


There is some speculation as to how much lenger the 2X81 
will be available. It is getting quite old in the tooth now and with 
the 16k RAM-pack, is nat massively cheaper than the 2X- 
Spectrum isee page . Sinclair keep pushing the price down, . 
bu: there must he a limit on how far it can go and stil] make a 
profit 


If you want to spend as little as possible, then a ZX81 is a good 

way to start. The 1k memory is confining, and you will reach its 

s0n, butitcan teach you a lotand give youa lotot fun. 

s like the unexpanded 7X81 asa 

allenge to see how much tney can squeeze into its memory. As 

s, you get what you pay for. The ZX8 | is exceilent value for 
money - but then again it does nat cost very much! 


Jupiter Ace 


The second “under a hundred" machine isthe Jupiter Ace, which 
enters stage lett at £83 


95. 
This is a very unusual machine because its native language is 


nat Bi like almost every other small home cornputer) but 
Forth. We shall be having a quick look atthe Forth lanquage later, 


but for now suffice to say that it is an up-and t ymputer 
language with an underlying philosophy very different to Basic. 


s, means that 
Basic. 


The way Forth - and hence the Jupiter Ace - work 
programs should run much more guickiy than in 


From the outside the Jupiter Ace is very reminiscent of the 
2X81, except that the box is white and it has ‘real’ keys that 
actually move down a bit when you press ther. This similanty is 
oo surprising, as the Jupiter Ace was designed by accupleot 
lair employees who were c y involved in making the 
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Inside the box you get 3k bytes of RAM. The makers claim that 
a Forth program takes only a guarter of the space ot the 
equivalent Basic, allowing quite sophisticated programs to be 
writte. 16k and 48k add-on memory packs are avaiable. 


The Ace does not nave colour, but it does have sound and 
reasonable graphics. The tape interface is very fast, and as 
programs are neld in the compact “dictonary”, format saving 
and joading is less of 4 tedious chore than on most other 
computers, 


The great advantage of the Jupiter Ace is, paradoxically, alsouts 
great disadvantage; its use of the Forth language. Forth is 
undoubtedly very elegant and efficient, bur it ig only just getting 
off the ground in the microcomputer world, and is lagging far, far 
behind Basic in popularity and use. 


| 


If you expect to be writing most ct your own programs this is not 
a problem as starting from scratch, Forth is just as easy tolearnas 
Basic, On the cther nand, if you want to buy programs, you will 
tind the choice limited. 


Most programs published in magazines are in Basic. If you 
have a Basic cornputer then adapting one of these programs will 
usually be fairly easy. If you have a Forth computer, such as the 
Jupiter Ace, you will be on your own. 


The conclusion is that the Ace is a very nice computer, and 
quite good value for money, but unless ycu are prepared to feel a 
bit of an outsider when it comes to programs in magazines, then it 
baby not the best buy for the beginner. 
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ZX-Spectrum (16k) 


Sinclair's second entry into the list is the 16k version of the 2X- 
Spectrum. This only just managed to 


jet in, as its price was 
dropped only a few months aga from £12 


95. 


As its name implies, the Spectrum comes with 16k of RAM. 
There is also a 48k version available for £1 }. It has grapnics, 
our and sound, ana can use the same £40 printer as the ZX8 1. 


The Spectrum is very much the big brother of the ZX81, and 
has many jeatures reminiscent of the earlier machine. It uses the 
single key entry tem, but there are just so many functions, 
commands and cial characters avaiiable that some keys have 
to serve up to six different purpa 


All these ditlerent functions are obtained using various ‘shift’ 
keys. For c 
ke to be pressed in the right order, and one cannot help 
wondering if the Spectrum has taken the “single-key” idea too far, 
However, it is again a case of liking what you are used to, and if 
you choose 4a Spectrum as your first computer then you should 
soon tind it quite ndtural. 


There is plenty of software available tor the Spectrum, 
including a lot from independent companies who are hoping to 
cash in on the market opened up by the third of a million owners 
of the machine. This is definitely a point in the Spectrum's favour 
for anyone who wants to use a computer for fun or business 
without having to write all the proqrams from scratch. 


The keyboard is a great improvement over the 2X8], It is 
decently sized and quite easy to use, although the keys do havea 
slightly rubbery feel. 


The Spectrum manual, like that of the ZX81, is well written and 
can be used as a teach-yourself Basic course. The Basic used by 
the Spectrum is again very similar to that of the 2X81, but with 
extra functions to drive the graphics, colour and sound facilities, It 
includes the usetul DATA and READ statements, omitted from the 
2X81. 

Of the 16k RAM just under half is taken up by the display and 
for use by the system, leaving around 8k for your Basic programs. 


up if you start handling a lot of data. 


If you have exactly £100 to spend, then the Spectrum should 
be high on your list of possibilities, and y 
close look at it. However, if you can raise another £30, the 48k 
version - which leaves nearly five times as much memory tree tor 
programs - is even better. 
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Oric 1 

The Oric | only just scrapes into the real list, instead of being 
consigned to the “imaginary” heap. Like the Spectrum, the Oric 
comes in 48k and 16k versions, with the 16k version costing 
£99.95. Indeed, the Oric and Spectrum are in strong competition 
for the same market sector, and they inevitably get compared 
with each other 


The 48k Oric, costing £169.95, has been available for same 
months, but production problems have hit the cheaper 16k 
version, olten making it difficult to get nold of something to do 
with one of the chips it uses, going out of production. 


The Oric has colour, graphics and sound. The screen format is 
compatible with Prestel, British Telecom's “on-line” information 
system, and hardware to link the Cric into the system is available. 


Oric’s Basic is mostly quite conventional, although it has sore 
interesting extra commands (such as EXPLODE) designed tor use 
in games. The single-key system is not used. 


Being a recent entry to the market there is not yet so much 
sottware available for the Oric as for the Spectrum, but more and 
more is appearing all the time, Like the Spectrum, the 16k Oricis 
well worth looking at if you have just £100 to spend. 
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OVER £100 


In this section wo present some basic facts 
on cemputers thal come in the £]00-o- 
£300 price range. They are in order of 
price, starting with the cheapest. 


Piease do nat use this taple as your ory 
source cf information! We just don't have 
room to give a full review of each 
machine that we wouid ‘ixe to. so instead 
we have just given suminaries. The 
infermahen is the most up-to-date we 
have found, but with fic competition: 
and new models coming aut a.i the time, 
keep an eye on wie advertisements for 
news of updated equipment. Prices in 
particu.ar are lixely to change. and chen 
downwards, However, :t should give you 
sorne idea ol what to expect for your 
rioney, and point you in the rignt 
direcsic 


fone of the machines in the hst catches 
your fancy then take a lcok at the 
“Choosing your computer” section petcre 
diving in. All of the cormputers in the 
listing can be used with a standard 
domestic television, ana except where 
noted an ordinary cassette recoraer is 
suitable for program and data storage. 
The other terms used are explained 
below. 
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Key to listings 


For each computer we give its name 
and a typical price al the time of gving to 
press. Check the prices in the shops or 
adverts before buy:ng, as they may wel! 
have changed. There is competition 
between cutlets, so you may be able to ge: 
a beter price by shopping around. 
Certainly you should not pay more than 
the figure we have suggested. Don't forget 
to see wnat adaed extras, such as 
programs, you gel thrown in with the 
hardware. 


The RAM size gives the number ot 
xilobytes of memory you ger. The bigger 
the better. This hgure usua:y includes 
some memory used fer the screen dispiay, 
se the amount eff for pregrain and data 
storage wil) usually be slighily smaller. 


The “size of Basic” gives ine ammount cf 
read-only memory (ROM used to hold 
the Basic interpreter that execules your 
programs. As a rough and ready guide 
the bigger the Basic size the more 
facilities it wiil have. aithough this is nota 
hard and fast rule it depends on how 
well the Basicinterpreter is written as well. 
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Commodore VIC-20 


Typical price £130 

RAM 5k 

Size of Basic 8k 

Text screen size 23 lines of 22 characters 
Graphics format Up to 176 by 158 pixels 
Printer available? Yes, £230 

Discs available? Yes, £300 

Keyboard type Typewriter, 64 keys 
Colour Yes 

Sound Three voices 


The price now includes a special cassette recorder (domestic 
versions cannot be used). Good for games, and uses plug-in 
cartridges, of which many are available. RAM expansion up 
29k available. 


Guid 1 eG vention! 


Typical price £170 

RAM 48k 

Size of Basic 16k 

Text screen size 28 lines of 40 characters 

Graphics format 240 by 200 pixels 

Printer available? Centronics interface 

Discs available? To be announced 

Keyboard type Calculator. 58 keys 

Colour Uses “hidden attribute bytes” 

Sound One voice. Games effects. Built in 
speaker. 


16k version also available for £100. Fairly new entry onto market, 
but software starting to become available. Forth language 
available from manufacturers. Display is compatible with 
viewdata/ Teletext. 


Sinclair ZX-Spectrum (48k model) 


Typical price 
RAM 

Size of Basic 
Text screen size 
Graphics format 
Printer available? 
Discs available? 


Keyboard type 


Colour 


Sound 


Also 16k version availabie for £100. M 


£130 

48k 

LOk 

24 tines of 32 
y 176] 

ZX printer at £40 

No. “Micredrive" (LOOk-byte capa 

city] promised for £50, but net yet 

available. 

Calculator. 40 keys 

s ‘attribute bytes” detining two 

coleurs fer each character position 

Single voice, via TV 


ny sold and much 


software available, including a few simple business packages. 


Dragon 32 


Typical price 
RAM 

Size of Basic 
Text screen size 
Graphics format 
Printer available? 
Discs available? 
Keyboard type 
Colour 


Sound 


£175 

32k, upgradable to 64k 

16k 

16 lines of 32 characters 

Several modes up to 256 by 192 pixels 
Centronics interface 

No 

Typewriter, 53 keys 

Up to nine. Number of colours on 


screen at once depends on graphics 
mode selected. 
Single voice, via TV. 


Recent release with a growing amount of software on cassette or 
using plug-in cartridges. Joysticks for games available. Keyboard 
can be a little slow for experienced typists. 
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Newbrain models A and AD 


Typical price £233 for model A, £268 for AD 
RAM 32k 

Size of Basic 18k 

Text screen size 24 lines of 40 or 80 characters 
Graphics format Several modes up to 640 by 250 pixels 
Printer available? RS232 interface 

Discs available? To be announced 

Keyboard type Calculator 

Colour None 

Sound 


The AD model has a built-in 16 character display which, with the 
internal battery module, makes it a completely portable system, 
although it can still be connected to a TV for home/desk use. 


BBC Model A 


Typical price £299 

RAM 16k 

Size of Basic 16k 

Text screen size Up to 30 lines of 40 characters 

Graphics format Up to 160 by 256 pixels 

Printer available? To be announced 

Discs available? To be announced 

Keyboard type Typewriter 

Colour Various modes, depending on dis- 
play format 

Sound Three voices with advanced enve- 


lope control 


Very advanced computer for its price. Check on delivery times 
and after-service. Model B with more 1/0 for £399. Only micro to 
have its own TV programme. 
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Atari 400 


Typical price £160 

RAM 16k 

Size of Basic 8k 

Text screen size 24 lines of 40 characters 

Graphics format Many modes up to 320 by 192 pixels 
Printer available? Yes, £200 

Discs available? Yes, £300 

Keyboard type Calculator, 61 keys 

Colour Up to 128 combinations 

Sound 4 voices 


Good colour graphics. Plug in cartridges with many games and 
educational programs available. 


Commodore 64 


Typical price £300 

RAM 64k 

Size of Basic 8k 

Text screen size 25 lines of 64 characters 
Graphics format Up to 320 by 200 pixels 
Printer available? RS232 interlace 

Discs available? Yes, £300 

Keyboard type Typewriter 

Colour Various modes 

Sound Three voices 


Various add-on pieces of hardware and other languages 
available. Version of Basic used getting a bit long in the tooth. Can 
use games cartridges. 
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Colour Genie 
F200 


16k, upgradable to 32k 


Typical price 
RAM 


Text screen size 24 lines of 40 characters 


Graphics format 160 by 96 pixels 

Printer available? RS232 interface 

Discs available? Yes 

Keyboard type Typewriter, 58 keys 

Colour Yes 

Sound Three voices with music synthesiser 


Yei another entry into the around £200 battlefield. Some software 


compatibility with the SRS BO 
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Typical price £190 


RAM 4k tor programs plus 16k video 
memory 
Size of Basic 8k 


24 lines of 32 characters 
Up to 256 by 192 pixels 
Centronics interface 


Text screen size 
Graphics format 
Printer available? 


Discs available? No 

Keyboard type Calculator, 55 keys 

Colour Dedicated video store allows high 
resolution, multi-colour graphics 

Sound Three voices plus white noise via TV 


Very new on the market. The graphics supports moving “sprites”, 
which are ideal for games. Plug in games or other cartridges 
available. Basic is not built in but comes on a cartridge supplied 
with the computer. 
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Video Genie II 


Typical price £299 
RAM 16k 
Size of Basic 13k 


Text screen size 16 lines of 32 or 64 characters 
Graphics format 
Printer available? 


Discs available? 


48 by 128 pixels 


RS2 


Yes, from £22( 


2 interlace 


Keyboard type Typewriter 
Colour None 
Sound Single voice 


Software compatible with TRS-80. The Video Genie | (at £330) 
comes with a built-in cassette recorder, Model II does not, but is 
otherwise more advanced and has a numeric keypad and tour 


special function keys 


Texas TI 99/4A 


Typical price £200 

RAM 16k, expandable up to 48k 
Size of Basic 14k 

Text screen size 24 lines of 32 characters 
Graphics format Yes 


Yes, £275 
Yes, £300 


Printer available? 
Discs available? 


Keyboard type Typewriter 
Colour Yes 
Sound Three voices 


Another entry into the hard fought region around £200, and like 
many of the others can use plug-in cartridges, Some business 
software available. £50 discount voucher for purchase of other 
items may be available. 


Tandy TRS 80 Colour 


Typical price £210 

RAM 4k, upgradable to 16k (£90) and 32k 
(£190) 

Size of Basic 8k 


Text screen size 16 lines of 32 characters 
Graphics format 
Printer available? 
Discs available? 


Keyboard type 


Up to 256 by 192 pixels with upgrade 
RS232 interface 

Yes, £440 

Typewriter, 53 keys 

Colour Yes 

Sound Single voice 

Like the other TRS machines this one is sold through the Radio 
Shack chain. Lots of games soltware available. 


Microprofessor MPF-II 


Typical price £230 
RAM 64k 
Size of Basic 8k 


24 lines of 40 characters 
280 by 192 pixels 
RS232 interface 


To be announced 


Text screen size 
Graphics format 
Printers available? 
Discs available? 
Keyboard type 
Colour 

Sound 

Anew machine, and very small. Keyboard is cramped butcan be 
upgraded. Claims some software compatibility with the Apple II, 
a much more expensive machine. 


Calculator 
Up to six 


Lynx 


Typical price £225 
RAM 48k, upgradable to 192k 
Size of Basic 16k 


24 lines of 30 cnaracters 
256 by 248 pixels 
RS232 interface 


Text screen size 
Graphics format 
Printer available? 


Discs available? To be announced 


Keyboard type Typewriter 
Colour Yes, with full graphics 
Sound Single channel 


32k of RAM used for video display. Var 
including 80 column capacity for word pre 
make the basis of an expanding small business sy 


; expansions, 
use, Could 


stem 


Acorn Atom 


Typical price £120 

RAM 2k, upgradable to 12k 
Size of Basic 
Text screen size 


8k with upgrades to 16k available 


Graphics format 
Printer available? 
Discs available? 


Keyboard type r, 62 keys 
Colour 
Sound voice. Built in speaker 


Can be bought as a kit or ready built. Forth, Lisp and BBC Basie 
available. 


Tandy TRS 80 model I 


Typical price £230 


RAM 4k, upgradable to 32k with expan 
sion unit 
Size of Basic 8k 


Text screen size 16 lines of 32 or 64 characters 
Graphics format 
Printer available? 
Discs available? 
Keyboard type 
Colour None 
Sound Three voices 


64 by 32 pixels 
RS232 interface 
Yes, £370 


Typewriter 


Sold through Radio Shack stores, All sorts of add-ons and 
expansions available. 
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Buying 
Secondhand 


For the beginner to computing who does not have a lot to 
spend, secondhand computer equipment can be a very 
attractive proposition, and there are plenty of used 
computers on the market to choose from. 


It has already been said that when buying a new 
computer there is little point in considering how much it 
could be sold for later. The other side of the coin is that 
there are bargains to be had. With new computers getting 
cheaper and more powerful all the time, the second user 
business is very much a buyer’s market. The going rate for 
a secondhand ZX81, for example, seems to be something 
like £20-25, around half the price of a new one. If and 
when you decide to upgrade to a better computer then 
looking in the small ads could give you more for your 
money than buying new. 


We shall take a look at some of the pros and cons, and 
point out some of the pitfalls that exist to trap the unwary. 
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Advantages 


The biggest advantage of ouy:ng a 
secondhand computer is, ot course, that 
you carl save money, put there are some 
ctner, less obvious points in its favour, 


Tne first is delivery time. As we have 
already said several computer manufac- 
turers have earned themselves a bad 
name by advertising their goods on "28 
days delivery", and then taking anything 
up to half a year to come up with the 
goods. If a private individual is adver- 
tising a computer for sale then presu- 
mably it is available there and then, with 
both parties keen to complete the deal as 
soon as possible. 


Another is reliability. Computers don't 
have many moving parts and don't tend to 
go wrong very often. If one is going toga 
wrong then it will most probably do it in 
the first few months after purchase - 
always assuming it worked when it was 
delivered! This is known in the trade by 
the rather gruesome name of “infant 
mortality”. Once the running-in period 
has passed then the chances are that the 
computer will keep running happily for 
many years. By buying secondhand you 
can by-pass the high risk period, the 
original purchaser having taken the 
biggest risk. 


Thirdly comes the software. Very few 
manufacturers provide any interesting 
programs when they sell you a computer, 
but most users gradually collect together 
a small library of tapes. Anyone selling 
their computer is unlikely to want to keep 
a stack of programs that can't be used on 
anything else so there is a fair chance of 
getting a set of programs to start you off. 
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Disadvantages 


With every silver lining comes a cloud, 
and buying a secondhand computeris no 
exception. 


You are not buying a new computer, so 
you cannot expect it to be in pristine 
condition. If it has seen any amount of use 
then it is bound te show the signs, such as 
worn keys, the odd scratch on the case, 
and go on. This may or may not worry you, 
depending on your personal) attitude. On 
any computer 4 vital accessory 1s the user 
manual, which is generally kept near to 
hand and referred to constantly. Even 
with the most careful owner a_ well- 
thumbed book will show signs wear and 
tear after a while. Isn't it odd that a coffee 
cup ring on the front of a book is quite 
acceptable if it was your own coffee cup 
that made it, but quite objectionable if 
jt was somebody else's? 


Almost by definition a secondhand 
computer is going to be more or less 
obsolete. If itis very up-to-date and nearly 
new then the price is not going to be all 
that good. If the price is very good then the 
computer will probably be quite ancient - 
which in computer terms means maybe 
two or three years. If you are just starting 
out in computing then this should not 
really matter too much. It will take a little 
while before you have explored even 
quite an old machine to its limits. By the 
time you reach those limits you will have a 
much better idea of what sort of computer 
you should be moving on to, and then 
there will be more to choose from. 


A worry when buying anything second- 
hand, especially a computer, is what 
sort of guarantee comes with it. When | 
asked my solicitor what the rules were 
covering secondhand sales between pri 
yate individuals I received a ceng explana 
tion full of phrases concerning impiied 
terms cf contract, sale of goods act, htness 
for use, and caveat emptor What it boiis 
down ta is that i you buy a computer tharis 
supposed to be working, then you can 
expect it to work when you get it home 
and to carry on working for a “reason- 
able” period afterwards. Just what is 
meant by “reasonable” depends on how 
much you paid, how old the computer 
was, and what the seller said about it. Out 
of such arguments do lawyers make their 
money! 


Now although computers are relianle, 
they can go wrong occasionally and it 
is usually impossible to detect or prevent 
a failure in advance. A dead chip looks 
just like a live one - it doesn't turn its little 
legs up in the air or anything useful like 
that. 


The upshot of all this is that anyone 
selling a computer (this applies to private 
sales only) is well advised to sell it “as 
seen”, which means that you have !to 
inspect it and Jook for any faults yoursellt. 


In practice if you have paid £100 or less 
for a used computer which goes wrong a 
month later, there is net very much you 
can do about it, unless you can show that 
you were deceived by the seller. You 
must be aware of this and decide whether 
the small risk is acceptable. 


Where to look 


It the potential problems have not put 
you off the idea of buying a used 
computer, then y 2xplore what 
is available, Deci want is 
much the same as when buying a new 
computer, with the extra problem of 
finding somebody to buy from. 


Several of the reqular magazines carry 
“readers ads’ sections, where individuals 
can advertise what they have, for little or 
no charge. This is an excellent place to 
look tirst as it is sometimes possible to find 
bargains from people who are not all that 
bothered about selling, but put the advert 
in simply because it didn't cost anything. 


It is always a good idea to buy locally if 
possible, so that the computer can be 
examined before purchase. If you get a 
local paper then have a scan through the 
“small ads". Computer adverts are fairly 
few and far between in these, depending 
on the paper, butit does no harm tocheck. 
The tree local advertising papers which 
are stufled through the letter box are 
another possibility. 


Note that commercial traders advertise 
in these magazines, and it is not always 
clear whether the seller is an individual or 
a company. The same applies to some 
newspapers. 


Local contacts can be useful, and by 
making it known round your local club 
that you are on the look-out for a 
compuler, it is quite possible that some- 
thing will come up. 


Some computer traders will take old 
machines in part exchange when they 
sell a new one. If you have a local 
computer shop that does this, ask about 
the computers that have come in. Dealers 
vary in their policy - some just don't think 
it worthwhile making sure part-exchanged 
computers are in working order betore 
selling them. If you buy a secondhand 
cornputer from a shop it is likely to cost a 
little bit more. On the plus side you have 
the right to expect some redress if it goes 
wrong just after you buy it, unless it was 
made clear at the time of purchase thatno 
guarantee was attached. 


What to ask 


A computer advert will usually have a 
phone number attached, so once you 
have found one that looks interesting, 
make a call. Assuming the computer is 
still available, there are a few questions 
you should ask. 


Why is it being sold? There are two 
common reasons; one is thatthe seller has 
decided to upgrade to a newer, bigger or 
better computer and just has no use for 
the old one. Jn this case it is probable that 
the computer has had a fair old battering 
in its life, as the seller is keen on the 
subject. It tends to follow that there will be 
some software included in the price. 


The second is that the owner is just not 
interested in computers any more and 
would rather have the money. "Unwanted 
gilts” feature in the adverts surprisingly 
often. Computers in this category are 
usually in good physical condition, their 
owners not having used them very much, 
but don't have too much in the way of 
accessories to go with them. 


Have there ever been any problems 
with the computer? A computer that has 
gone wrong once is more likely to go 
wrong again than one that has behaved 
perfectly since new 


What comes with it? Books and ready- 
recorded program tapes add greatly to 
the use of a computer. We have already 
pointed out that some computers need 
special accessories, such as leads or 
customised cassette recorders. Are these 
included in the deal? Or are you going to 
have to spend more money buying them? 
And if you have to buy extras, are they 
readily available? 


How about delivery? Are you going to 
have to collect it, or will the seller bring it 
to you? If it has to be sent by post or one ct 
the delivery services, who is going to 


pay? 


If you are buying without being able to 
examine it, what sort of guarantee have 
you got that it will live up to the 
description? In fact, most deals between 
individuals are quite straightforward and 
completed to the satisfaction of both 
parties, but sad to say there are a few 
rogues about. 


If at all possible you should ask to see 
the computer in action before buying it, 
which means looking first for something 
local. Check the keyboard personally. As 
the keyboard is one of the few moving 
parts, it is the bit most likely to go wrong, 
and there is nothing quite so annoying as 
a faulty key. 


If it is not practicable to examine the 
computer before buying, then you will 
just have to do the best you can with 
telephone and post, and accept the risks. 
If you have any nagging doubts about 
the seller go to the library and check the 
appropriate telephone directory {or use 
directory enquiries) to make sure the 
name, address and phone number are 
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Have you ever been in a pub (or similar 
establishment) and heard strange and 
incomprehensible incantations coming 
from a distant corner? 


You know what I mean. Things like 
“there's Brian the Snail!”, “Prawned!!”, 
“Eat the cheese!” or “Turn and fire, TURN 
AND FIRE!”. If you've ever been tempted 
to investigate further you may have 
observed the ceremony which precedes 
these fervoured cries. This involves bow- 
ing to some kind of idol (usually one with 
many lights on it) and apparently appeas- 
ing its wrath by feeding it “game tokens’. 


These tokens seem to be available from 
behind the bar (in exchange for green or 
even blue drinking vouchers) and are 
marked with the mystic symbols “10” or 
“50” (the latter keeping the idol happy for 
longer). The rate at which these tokens are 
used up is, of course, a serious problem 
especially as it can drastically reduce the 
supply of drinking vouchers. 

But at last salvation is at hand! Now you 
can worship at home in the comfort of 
your favourite chair. The home computer 
is here! 


There is little doubt that the biggest use 
of home computers today is for playing 
games. This makes a lot of people very 
happy, from those who write the pro- 
grams to the TV repair man (after Dad's 
put his boot through the screen having 
just missed the ‘high score’ for the 23rd 
time in a row). The game players also geta 
lot of pleasure of course, but if you don't 
yet own a micro you may be wondering 
what all the excitement is about. 


What kinds of games do computers 
play, how much do they cost - and will 
you enjoy them anyway? Let's do a 
quick survey of computer games to help 
you decide. 


Perhaps the first question you will ask 
yourself is: does it matter which computer 
I buy? Well the answer is yes, and no. 
Generally speaking most games are 
available for most computers (with slight 
variations in the details). However you 
can't swap programs between different 
makes of micro even when they are 
written entirely in BASIC, because just 
about every manufacturer uses their own 
version of the language. So you have to 
buy the software for your machine. But 
don't panic; they're all about the same 
price (from about £5 to £15 per game). 


You don't have to buy your programs 
from the people who made your micro 
either (although this is often a good 
source). Dealers sell a wide variety of 
programs written by independent com- 
panies - a glance through any computer 
magazine will give you some idea of the 
choice. 


Okay, now let's see what kind of games 
are available. Roughly speaking there are 
four categories of games: 


(1) Real time games 
(2) Adventure games 
(3) Strategic games 
(4) Educational games 


Real time games are those in which 
you have to chase, run away from, shoot, 
or eal Various nasty creatures ihat are 
continuously sent in your direction. These 
games are typilied by Pac-Man, Delen- 
der, Fraggér and of course the one that 
started it all Space Invaders. Almost all 
real time gamies are copies of arcade 
video Games, so you Gan invest a few 
game tokens there to find out which ones 
you like. The controls on your micro will, 
of course, be a: bit different so it's no use 
thinking. you can practice at home for 
nothing! 


The: aim of all-real ime games is to 
‘survive for as long as possible, scoring 
points for ‘killing enemy creatures: or 
performing some. act of amazing skill 
such as catching a humanoid who has 
been dropped from an alien spacecralt, 
belore he hits the ground These games 
need fast ‘reactions, considerable co- 
ordination and in general a lot of practice 
ifyvou are to become an expert player, The 
games are normally controlled by pres- 
ging various keys (although some havea 
joystick option) to move your ‘man, tire 
missiles, drop bombs etc. The number of 
keys used depends on the game, and can 
be quite foreboding {one version of 
Defender I know uses TAB A; Z, SPACE, 
SHIFT, RETURN and H — the lirst six are 
easy enough but a highly skilled nose is 
neaded to hit the H as well) 
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maths to spelling and 
al knowledge. Some games s 
check that the player gives the « 
answer to 4 question (ike whatis6+7: 
others are more sophisticated. A 
exampie is the ‘tree of knowledge’ type o 
game. In this you think of an object or 
animal and the computer quesses what i 
is. To do this it asks you questions like: ‘Is it 
an animal?’ ‘Does it have a tail?’ 
on 
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Eventually it will attempt a guess at 
what you are thinking of, and if it is right, 
will congratulate itself profusely! However 
if it is wrong it asks you to suggest a 
question to distinguish between its guess 
and what you had thought of, so the next 
time it will ask this question betore 
guessing. 


BASIC listings of games can olten be 
found in computer magazines and will 
help to improve your typing if nothing 
else! Finally if you want to get back all the 
money you've spent on computers, pro- 
grams and magazines, youcan always try 
your hand at writing some games yourself 
- most firms pay 20-25% royalties on 
programs. 


So, pay up, play up and play the game! 


Grant Bowgen 
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but made much 
easier with the aid 
ofa 
microcomputer. 
Read on, and see 
if an electronic 
aid would suit 
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Small business number two is a firm of 
solicitors, with perhaps three partners. 
This sort of business is characterised by a 
lot of customers, most of whom are seen 
only infrequently, and large amounts of 
paperwork. It would be impracticable to 
put all the paperwork onto a computer, 
but it would make sense to introduce a 
computerised indexing and crass- 
referencing system. Type in a name, and 
the computer replies with a list of relevant 
tiles, 


With so many customers the computer 
could also be used to keep track of 
expenditure and prepare invoices. This 
sort of application needs a decent-sized 
system, with discs and almost certainly a 

ar, The totai cost would be around 
2000, One disadvantage would 


secretarial staff, would have to strictly 
discipline themselves to keep the compu- 
ter files up to date. 


Several af the “professional” small 
businesses would find similar applica- 
tions. A doctor, for example, could keep 
track of the treatment being received by 
patients, while the receptionist could use 
the computer to keep track of appoint- 
ments, An accountant could computerise 
his records, and maybe even use one of 
the “view-calc” or “spead sheet” type ot 
financial planning packages to help 
advise his clients. 


Small business number three is a one 
man operation; a self employed freelance 
writer. The application of a computer is 
obvious here; as a text processor. After 
they have got used to the system, most 
writers find that the freedom toamend text 
easily lets them spend much more time 
concentrating on the actual writing, and 
less on ripping pages out of the typewriter 
and redoing the whole thing because the 
last paragraph went wrong. The article 
you are reading now was produced on a 
computer in just this way. 


The writer could also use the computer 
to keep a record of what articles have 
been sent where, whether he has been 
paid, and so on, buta card index system is 
probably quicker and easier. He could 
buy some financial planning so!tware to 
help plan his activities, but a visit to the 
accountant, hopefully equipped as des- 
cribed above, would be better value for 
money! 


This application needs a computer with 
a good screen and keyboard a decent 
printer, and preferably discs (although 
text can be saved on tape more cheaply, 
albeit more slowly). Word processing 
software can be bought for most systems. 
Total cost probably about £2,000-2,500; 
not all that much more thana high quality 
electric typewriter. 


An interesting recent development has 
been portable “speed-writing” devices, 
which are held in the hand and allow text 
to be entered using small combination of 
finger movements. Those who have used 
them are full of praise, but they are very 
pricey at the moment, and have the 
disadvantage that they cannot be used for 
anything else. An “ordinary” computer by 
contrast is a versatile beast. It often 
happens that once one has been bought 
for some particular purpose it soon gets 
used for all sorts of other things. 


The fourth small business is a hotel, run 
by a husband and wile team with two or 
three full-time employees and perhaps a 
few seasonal staff. It has maybe 12 to 20 
bedrooms, and there could well be a 
restaurant business as a sideline. 


Atthe momentallbookingsare recorded 
using a large "page a day" desk diary. This 
is used to keep details of meals, drinks, 
morning teas, newspapers and so on 
provided to quets, as well as whois staying 
when. Information is taken from the book to 
prepapre bills at the end ot a visitor's stay. 


All of these jobs could be done on a 
medium sized microcomputer, equipped 
with disc drives anda printer. The total cost 
would be about £1,500, plus a bit more for 
suitable software. 


This is a shining example of a case where 
the small business is best advised not to 
bother with a computer, The tasks it could 
do form quite a miniscule part of the work, 
and the savings would be tiny. Indeed, the 
simple manual record system already used 
is probably simpler and easier .o handle, 
and much more versatile, than any reason- 
ably priced computer systern is likely to be 
for the next few years. 


This is an important point; computerscan 
be used in most small businesses. But in 
some, such as our small hotel, the advan- 
tages just do not justify the expenditure, 
and the benefits are dubious. I like 
computers, and enjoy using them, but that 
does not mean that they have to do 
everything, any more than a motoring 
enthusiast would use a car to get from one 
room to another in a house. Computers 
should only be brought in where they can 
doa job better than it is already being done. 
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Smal pusiness number six is 4 small 
shop. Th iar can come in handy 
here for k control, and to monitor sales 
trends, and so ae on stocking levers. 
Just how useful this will be depends cn 
what is being sold. A sweet shop can get 
on quite well without a computer. 


A DIY outlet may well like to keep t 
of stock levels for all its different products 
A stock control computer combined with 
a till would de this well: such units are now 
being advertised in the trade p 
although the investment required r 
give pause for thought to many. 


A newsagent has to sort out which 
magazines and pape vordered 
by all its customers, add up the to 
put in an order to the wholesalers {with a 
fev 1 top for dis , and then each 
morning work though the pile, pencilling 
addresses on them all. They must also 
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wrong morning paper (If you want to 
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small computer would be ideal for 


this job so long as the staff had been 
trained in its use. Disc drives would be 
needed, and the combina 

bably be bought for £1 

ing a printer with special “sticky label’ 
paper would speed up marking the 
papers as well. The benefit of the compu- 
ter would be an extra half hour in bed 
before having to get up to prepare the 
deliveries! 
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Rubbing shoulders with 
fellow computer addicts 
can be both enjoyable 
and educational. So 
where are they? 
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Clubs are organisations formed by indivi- 
duals with a common interest so that they 
can meet others with the same or sirnilar 
interests, and generally get more out of 
their hobby. 


Computer clubs are no different - they 
are formed by individuals who are 
interested in computing and want to get 
together with others of like mind, and 
maybe also to demonstrate to the wider 
world what microcomputers are all about. 


Besides general interest clubs, there 
are also national or international “user 
groups” which concentrate on one or two 
particular machines, generally from a 
single manufacturer. You might expect a 
user group to be just like a computer club, 
only more so. However, computers are 
big business, and a lot of the ‘user 
groups” are not formed by individuals for 
their own benefit, but by computer 
manufacturers. 


Although some manufacturers may 
claim to run or support “official” clubs or 
user groups for their products, these often 
turn out to be little more than mailing lists, 
used to send out advertising to keep 
customers informed about their latest 
products, and little else. This does not 
apply to all user groups; there are some 
which genuinely are run by individuals 
who just want to talk with other owners of 
the same computer. 


A third category of organisation is the 
special interest group. This is made up of 
people who have a common interest in 
some other subject, in which they use 
computers. For example, there is an 
amateur radio computer users’ society. 


User groups and special interest groups 
have their places in the scheme of things, 
and can be very useful to you, especially 


_after you have been using computers fora 


while. However, what we are going to talk 
about in this article is the common or 
garden, general interest local computer 


club. 


Local computer clubs are all different - 
a reflection of their being made up of 
individuals, each with a unique mix of 
interests. They are places to meet and talk 
to others with similar, or even different, 
interests and viewpoints. But that's not all. 
Clubs are also places where you can get 
help and advice from experienced com- 
puter users. 


If you are trying to decide what 
computer to buy, a computer club is an 
excellent place to go and discuss what 
you wantitfor, and get the most up-to-date 
information. There is an excellent chance 
that you will even find someone who has 
the same machine you are thinking of, 
and will let you try it out. 
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Once you have your computer you are 
bound to have the occasional problem 
whose cause you just cannot find. Noth- 
ing is more soul destroying than spending 
a fruitless weekend searching for the 
cause of a mysterious “DIVIDE BY ZERO 
ERROR’ that persistently appears on the 
screen just as your marvellous micro is 
about to produce the answer to life, the 
universe and everything. 


More often than not, somebody else 
who can take a fresh look at your program 
wil! spot the error in double quick time, 
especially if that person is an old compu- 
ter hand and has made al! the same 
mistakes while learning about computers. 


The same old hands will have tips about 
how to get more out of your computer. 
They will give you little snippets of 
information that you won't find anywhere 
in the manual that came with it. They can 
tell you about any misprints in the 
manual, and what it should say, They can 
tell you about any "bugs" in your compu- 
ter, and how to get round them. 


This is the great beauty of computer 
clubs. They are places where you can 
meet more experienced hands who can 
help you get round your problems, 
instead of leaving you to wander alone in 
the darkness. And after a year you will be 
giving help to newcomers yourselt.! 


Beyond meetings and general discus- 
sions, many clubs invite speakers to talk 
on sore subject or other, publish their 
own newsletters, and organise club pro- 
iects where members get together to 
design and build. add-ons for their com- 
puters. These could include (for example) 
sound boxes, printer interfaces, modems 
to allow the computer to be used over the 
telephone lines, extra memory, and so on. 


Nights especially for 
beginners 


Within most clubs there are sub-groups 
of those with a particular interest, or 
meetings on different themes. For exam- 
ple, one club in north east England has a 
main monthly meeting at which there are 
usually one or two demonstrations or talks 
on subjects requested by members, and 
then three more meetings during the 
month, one concentrating on the BBC, 
Atom and UK101 computers; another on 
the TRS80 and Video Genie, and then a 
third night especially for newcomers. 
They also arrange trips to visit the big 
computer fairs and shows around the 
country - much more fun with a group of 
friends than going alone, not to mention 
being a lot cheaper! 


The Amateur Computer 
Club 


The first amateur computing club was 
formed in 1973, and being the first called 
itself simply the “Amateur Computer 
Club", or ACC. The ACC has become, 
almost accidentally, a national club sim- 
ply by virtue of being the first. It attempts 
to represent the aims and views of 
amateur microcomputer users at national 
level. 


The ACC's national role is now recog- 
nised by most clubs and user groups in 
the UK. During the last decade the ACC, 
through its newsletter ACCumulator, has 
published solutions to many of the prob- 
lems of interfacing different pieces of 
equipment such as getting a ZX printer 
working on an Atom computer - some- 
thing the salesmen would tell you is 
impossible! 


The ACC, consisting as it does of a large 
circle of computer users, sees itself as 
complementing and supplementing the 
ideals of local clubs and national user 
groups. It is pleased to aid the formation 
of new local clubs and, more recently, 
regional groups of clubs. 


The first such regional group covers the 
London area and is called the Association 
of London Computer Clubs. It has a 
newsletter of its own, and runs joint fdirs; 
the sort of thing that is too big for most 
individual clubs to do alone. 


A recent role of the ACC has been its 
participation in Prestel for home and 
amateur microcomputer users. Prestel isa 
national service run by British Telecom 
which allows “information providers’ to 
put information {including programs for 
microcomputers!) in several large corm- 
puters, which can then be interrogated by 
anyone with a Prestel terminal linked to 
the telephone. Most microcomputers are 
quite capable of being turned into Prestel 
terminals with the addition of a piece of 
hardware called a modem, and suitable 
software, which is available for many of 
the popular micros. 


The ACC's part in this is the creation of 
a club spot “page”, which has many 
features, hints, news items andso on. Even 
if you don’t have Prestel capacity with 
your micro, suitable sets are appearing in 
some local libraries, which is worth 
investigating. If you can get access to 
Prestel, dial up pages’*800# and*8008# 
and give your librarian a surprise! 


Finding a club 


Clubs are good places to find out more 
about computing, because nobody there 
is out to sell you something for personal 
gain, and there are no salesmen pushing 
their own products. They are places to 
meet fellow micro users and have a chat 
and show off your skills in computer 
driving. 


How do you go about finding a club in 
your area? Most clubs are based in a 
town or city, and will be known to the local 
libraries and citizens advice bureaux, so 
ask there first. If this fails then you can 
write to the ACC which maintains a 
“National Clubs Database” which has 
details of all clubs that have informed the 
ACC of their existence. To get information 
out of the database you should write to the 
ACC, c/o Rupert Steele, St. John's College, 
Oxford OX1 3JP. The ACC is a non-profit 
making organisation, so if you want a 
reply don't forget to include a stamped 
addressed envelope and to print your 
name and address somewhere on your 
letter! 


If you can'tfindacomputerclub in your 
area, then why not start one up? All it 
takes is for you and a couple of friends to 
meet occasionally in one of your houses, 
or a pub or a club, and to advertise the 
fact. As the club begins to grow you will 
have to start to formalise things, with a 
constitution and so on, but worry about 
that when the time comes. The ACC (at 
the same address as above} would be 
delighted to help with advice on the 
organisational side, should you start up a 
club. 
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How it all began 
Was there really any life B.C. 
(Before Computers)? The idea is 


actually an old one, 360 years 
old to be exact. 


in terms of steam because af 


Where did computers come 
from? Did some bored engin- 
eer just sit down one day and 
decide to make a space in- 
vader game? 

Actually computers go back 
much farther than most people 
think. Back in 1623 a chap 
called Wilhelm Schickard, a 
protessor of astronomy, mathe- 
matics and Hebrew, designed 
an adding machine, and got a 
local mechanic, one Johann 
Ptister, to build it. Incidentally, 
as you read about the history of 
computing you soon realise 
that it is a rule of the game that 
you have to have a funny 
name ... 


Thirty years later Gottiried 
Liebniz went one better by 
making a machine that could 
not only add and subtract but 
could multiply and divide as 
well, which was more than 
most people could manage at 
that time. 


Nothing much of interest 
happened for a century or two, 
until Charles Babbage, who 
not only had a funny name but 
was also an “eccentric”, or nut- 
fer as we would say today, 
came along. He was a bright 
bloke, and was one of the 
founder members of the Royal 
Astronomical Society. 

The story goes that in 1812 
Babbage owas checking 
through some calculations by 
hand with a friend of his, called 
Herschel, and got so fed up 
with the whole tedious busi- 
ness that he cried out in exas- 
peration: "I wish to God these 
calculations had been execu- 
ted by steam”. He had to think 
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the serious electricity short- 


age then current. 


Babbage spent the next 20 
years working on his Differ- 
ence Engine. This was a mach- 
ine which could be set up to 
calculate some mathematical 
function, and then left te churn 
away and produce tables all 
by itself, except for the unfor- 
tunate scribes who would have 
to copy down its results onto 
paper. In 1823 The Chancel- 
lor of the Exchequer was per 
suaded to put some money 
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rimental model of Babbage's 


into the project. It was thought 
that the Difference Engine 
would be useful for making 
various nautical tables, This 
was probably the first ime the 

overnment had ever subsid- 
ised a research effort! 


The Ditlerence Engine never 
got very far. A prototype was 
built and got to working condi- 
tion fit can now be seen in the 
Science Museum), but it was 
only of very limited accuracy, 
certainly not good enough to 
stop the navy sailing into the 


Analytical Engine now on display in The Science 


Museum. 


sides ol continents and such 


like. 


The scaled up version ran 
into all sorts or problems, and 
began to eat up money. In 
1842 the Prime Minister, 
Robert Peel, took time off from 
inventing policemen to tell 
Babbage that he would get no 
more money. Thus Babbage 
was not only the first person 
ever to receive a Government 
research grant, but was also 
the first person ever to have 
one withdrawn .. 


As you might imagine, 
Babbage was a bit upset about 
this, and nt a little time 


doing things, such as 
inventing the penny post. He 
had a phobia of, believe it or 
not, Italian organ grinders, and 
lobbied Parliament to get them 
outla 1, It did no good, of 
course, but the organ grinders 
di id not bear ¢ 
that there 
ings they gave 
jerareres Je, 
outside his bedroom window 
all night long. 


Punch cards arrive 


Even before the Difference 
Engine lost Government sup- 
port, org had an even 
better idea, and this one was a 
real goody. He got the idea 
from an invention in the textile 
industry called the Jacquard 
loom. This used a series of 
cards with holes punched in 


Above: would you 
believe the above 
computer system Is over 
20 years old! For the 
antiques experts, it's a 
UBM 1401 valve 
machine. Right: 
Transistors reduced 
physical bulk, as this 
1970's system proves. 
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just like 
Jacquard It would 
‘e, in which all the 
o be operated on 
would be kept, and a “mill”, 
into which numbers would be 
brought for calculations. Does 
this sound familiar? The mill 
was the exact equivalent of the 
central processing unit in a 
Imputer, and the set 
S 4 program. 


Tees thus invented the 


first ever somputer Unis rtun 
ately he : 
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ber that it 
done with gears ar 
There are a few bits of tt 
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1 if it did never get finished 
ame the first computer pro 
grammer, She was Lady 
Augusta Ada Lovelace, the 
only child of the poet Lord 
Byron. If you think you have 
lems getting a program 
working just think of h d 
must have suffered, being the 
only computer programmer in 
the world, before the first com 
puter had ever been built. But 
at least she has had a com- 
puter language named atter 
her 
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18 


died 


frustrated, 


without ever completing his 
life's work in 1871. Youhave to 
fee] sorry for him because des 
pite his undoubtedly irritable 
nature and odd behaviour, he 
was 4 brilliant man whose only 
real crime was to be born a 
century before his time. 


After Babbage ev erything 
went quiet until the 1930s. In 
the meantime electricity had 
been discovered, and various 
groups started playing with 
circuits made up of hundreds 
of relays. These were quite 
ever, but very massive. In 
1944 the art reached its peak 
when Bell Telephone Labora- 
tories produced a computer 
with 9,000 relays, taking about 
1,000 square feet of floorspace, 
and weanise 10 tons. It took a 
second to multiply two seven 
digit cae ete which is a lot 
faster than most people, but 
pretty sick by today's 
standards. 
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Still allin-all it was a@-great 
Buccess and when it was actu- 
ally ranting iran very well 
indeed; doing something like 
300" multiplications per sec: 
ond. It also kept-the building 
warn in winter, 


ENIAC was followed “by 
EDSAC (Electronic Delay 
Storage Automatic Computer} 
and EDVAC {Electronic Dis- 
crete Variable -- Computer) 
whidh “had all sorts of new 
features: 
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Memory is what a computer uses to 
store programs and information. By now 
you will probably not be surprised to 
hear that a computer's memcery is made 
up of memory chips (the crowd gasps 
in amazementat the incredible revelation. 
Yawn). Right, that's the simple bit. Now let's 
complicate things. There are lots of 
different sorts of memory chips. A 
memory chip is described by two 

things; how big it is and what sort of 
memory is inside it. 


We shall look at the "how big” first. 
Now, the size of a memory chip is not 
how many inches long it is, or even 
how many little legs it has, but the 
number of “bits” of information it can 
store. So a 512 bit chip can remember 
512 bits of information. Simple, eh? 


People who design memory chips 
are clever folk, and over the years have 
managed to make them bigger and 
bigger. It gets awkward talking about 
“16384 bit memories”, but some oright 
spark noticed that if you multiply 2 by 
itself ten times you get 1,024. This is 
close enough to 1,000 for the abbrevi- 
ation “kilo”, or just “k”, to be used. In 
the same way that one kilometre, or 
1 km, is 1,000 metres, a 1 k-bit 
memory chip can hold 1,024 bits. 


Computer builders, being lazy, often 
forget to mention the "bits" bit, so that if 
you hear someone talking about a "4k 
chip" he means a memory chip that 
can store 4x1,024, or 4096 bits. Here 
contusion sets in again, because 
computer programmers are just as lazy 
as computer builders, but are more 
used to working with one byte, or eight 
bits, at a time. They have the same 
habit of using "k” for 1,024, but usually 
mean bytes. So when talking about a 
complete computer system “16k of 
memory” usually means 16,384 bytes, 
but when talking about a single chip it 
means 16,384 bits, one eighth as much. 
I told you it was confusing! 


As well as the size of a memory, its 
organisation must be known. Take a 
lk-bit chip. These come in two common 
varieties, 4k 1, and 1kx4, A 4kx1] chip 
has 4,096 different addresses, but at 
each address only one bit can be 
stored. So in this sort of chip, data is 
written or read one bit at a time. A 
1kx4 chip, on the other hand, holds just 
as many bits, but differently organised. 
It has only 1,024 different addresses 
(hence the “1 k”) but there are four bits at 
each address. Instead of only one bit 
being available at once four are written 
or read at the same time. 
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Larger memories are obtained by 
combining chips. For example by using 
two 1kx4 chips a 1k by S bits for l 
k-byte} memory can be made. When 
several memory chips are used then it 
is usually necessary to add extra 
“address decode” circuits to decide 
which chip is accessed for a given 
address. For very big memories you 
need lots of chips and plenty of address 
decoding. 


Now let's look at the different sorts of 
memory. The basic types are called 


RAM and ROM. 
ROM stands for “Read Only 


Memory". As its name implies, a 
computer can only read programs and 
numbers from this sort of memory; it 
cannot be used for storing new 
information. Nearly all computers 
contain at least some ROM. It is used ta 
store permanent programs, such as the 
BASIC interpreter. Once a program is 
in ROM it will stay there, and cannot 
be accidentally overwritten. In fac 


fy 


can do just about anything to a ROM 
jump up and down on it, hit it with a 
hammer, set it in concrete - and the 
program will still be there. You may not 
be able to get at it, mind you, but it will 
still be there. 


So how do programs get into ROM in 
the first place. Well, that depends on 
what sort of ROM it is. Mask 
programmable ROM has its contents 
built in as part of the chip production. For 
every different pattern one of the 
manutacturing stages must be changed. 
This is an expensive operation, and so 
mask programmable ROMs are only 
used when very large quantities are 
needed. 


The next sort of ROM is called a 
programmable ROM, or PROM for short. 
These have literally thousands of tiny 
fuses inside them, and programming 
consists of blowing the appropriate fuses. 
They are used by computer manutac- 
turers a lot because they are cheap, but 
have the disadvantage that once they 
are programmed, or blown’ as it is 
called, they cannot be changed. 


The last type of ROM is the erasable 
PROM, or EPROM. These work by 
storing charge on tiny capacitors. Once 
an EPROM is programmed then its 
contents are permanent, like a PROM, 
except that the whole chip can be 
sed by exposure to ultraviolet light. 
This makes them useful for developing 
systems, as they can be reused. 
Programming then can be time 
consuming, and requires some slightly 
special equipment, but this is not too 
omplicated and many people have 
successtully built their own EPROM 
programmers at home. 
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Left: this 20,000 component chip from 
Siemens is used mainly in TV sets and 
VCRs. Below: microchip used to govern TV 
automatic frequency tuning. 


The other type of memory is called 
RAM, which stands for “Random Access 
Memory", As well as being able to read 
the contents of RAM the computer can 
also store new information in it. So bits 
can be read from a RAM, as with a ROM, 
but also written into it. RAM is used for 
any storage that is not permanent, For 
example, when you type in a BASIC 
program it is stored in RAM 
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piece of information t while about 
wentieth of a second - and then 
torgets it. To get round this, dynamic 
RAMs have a special “retresh” operation 
which tells the memory to remind itself of 
what it is supposed to be remembering. It 
will then retrember for another twentieth 
ond, when its memory must be 
4 again, and so on, This seems an 
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with dynamic RAM atall, and not just 
stick with static? The reason is that it is 
much easier to build a memory that only 
has to remember for a short time than itis 
to build one that remembers until the 
power is turned off. For each bit of 
memory a static RAM uses three or four 
tiny transistors; a dynamic RAM only one 
or two, plus a capacitor. This means that 
each memory cell can be made smaller, 
and so many more can be fitted onto a 
chip. The biggest dynamic RAMs on the 
market are 64 k-bits; while the biggest 
static RAMs are only around 16 k-bits. So 
if you want a lot of memory dynamic 
RAMs are the best, even though they 
need special 'refresh” circuitry. For just a 
small amount of memory static RAMs are 
adequate, and are much easier to use. 
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Wouldn'tit be nice to have a memory 
that could be read and written by the 
computer, but which did nat forget 
everything when the power was tured 
olf? There are two ways of doing this. 
One is to use battery back-up. When the 
main power is turned off the battery 
lakes over and provides just enough 
power to keep the RAM contents intact. 
Add on circuit boards containing RAM 
with battery back-up are avilable for 
many machines now. 


Tne other method is to use a fairly new 
sort of memory chip, called “non-volatile 
RAM” This is just what we want, memory 
that the computer can read and write but 
whicr nolds its contents even when the 
per 
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Top left: a total of 30 components make up 
this radio chip, including ten transistors. 
Below: high performance read-only mem- 
ory (ROM) chip containing 5120 bits. 
Access timer is 120 nanoseconds! 
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Understand 


the 
language 


Unfortunately computers are 
not too clever when it comes 
to conversational English. 
They have their own clean, 
precise, almost clinical forms 
of language which the opera- 
tor must learn. 


Once you have finished learning Basic 
there is a horrible shock in store for you. 
Basic is not the only computer language, 
but just oné among many. Or rather 
several among many. There are nearly as 
many different computer languages as 
there are makes of computer! 


Atter Basic, most programmers even- 
tually get round to dabbling with machine 
code. This is the language understood by 
the microprocessor itself, although it is at 
such a low level that the word “lanquage’ 
hardly applies. It is undoubtedly true that 
the way to gel the very best performance 
out of any computer is to program it in 
machine code (or in assembler, which is 
justa symbolic form of the same thing, but 
rather easier to understand). The dis- 
advantage of machine code program: 
ming is that every part of the program 
must be specified in the minutest detail. A 
later section takes a closer look at just 
what is involved. 


So without getting embroiled with 
machine code, what alternatives are there 
to Basic? The answer is other /anguages. 
Computer languages vary not just in the 
words they use for given operations, but in 
their whole underlying philosophy. The 
hardest part ol using a new language can 
be not so much learning it, but un- 
learning everything you thought you 
knew about Basic. lt could well be worth 
the effort, ag you may well find that after a 
while the new language tits naturally with 
your way of thinking, letting you write 
programs more quickly than in Basic, 


Extra languages for home computers 
are becoming more easily available all 
the tme. Two in particular show signs of 
taking otf. These are Pascal and Forth, and 
we shall take a closer look at these before 
scanning bnefly over some of the rest. 
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Pascal 
Pascal was invented in 1968 and started 
to become available on mainframe com- 


puters a lew years later. It is named after. 


tne 17th century scientist and mathema- 
tician. In the last few years Pascal has 
pecome available for many of the popular 
nome computers. After getting to know it 
inany programmers swear by Pascal, and 
refuse ever to go back to BASIC. 


Pascal is a much richer language than 
Basic, both in the types of variables it 
supports and the control structures pro- 
vided. It is a “procedure’-based lan- 
guage, which means that the program- 
mer can define procedures to perform 
parts of the operation, then make new 
ones which call those, and soon. Even the 
main program can be viewed as a 
procedure. This is designed to retlect the 
way people solve complex problems by 
breaking therm down into series of smaller 
problems. 


As with an other language the best way 
to see what Pascal can do is to look at an 
example. Take the simple Basic program 
in Fig 1, which plays the “high-low” game. 
This is an incredibly boring game where 
the computer picks a number from one to 
a hundred, and the player has to guess 
what it is, helped along by “clues” from 
the computer. 


In Pascal the same program could look 
something like the ane in Fig 2. Just about 
everything you use must be defined. The 
first line names the program, and says it 
uses the “standard files” input and output. 
These are usually the keyboard and TV 
screen respectively. A]] variables must be 
declared explicitly. In this they are all 
integers. Pascal supports several other 
types of variable, and also allows the 
programmer to detine new types. The 
IMPORTS statement says that this pro 
gram uses the RANDOM tunction froma 
standard library. This is not standard 
Pascal, but most versions have some such 
facility. 

Then a simple procedure is declared. It 
prints out a prompt using the standard 
procedure “WRITE”, and gets the next 
guess. The body of the procedure is 
surrounded by BEGIN and END. 


The main program also starts with a 
BEGIN. Pascal has several control struc- 
tures, and two of them are used here. The 
main loop consists of a WHILE statement. 
This tests a condition, and if it is satisfied 
executes the following statement. The 
condition is then checked again, and the 
cycle repeated until the condition fails. 
Notice how BEGIN and END are used to 
“bracket’ a series of statements. This 
makes Pascal treat the whole sequence in 
the same way as a single statement. 


Within the loop an IF is used. This test 
again tests a condition. If itis satistied, the 
statement after THEN is abeyed, other- 
wise the one alter ELSE. This avoids the 
confusing combinations of GOTOs often 
found in Basic. Indeed, the IF.. THEN... 
ELSE idea ts so nice to use thal many new 
versions of Basic now include it! 


That is just a quick glimpse of the 
language. Pascal needs a moderately 
powerlul computer to run. and ts almost 
always compiled rather than interpreted. 
This means that the whole program is 
read by 4 special program called (sur- 
prise surprise) a compiler, which tran- 
slates it into machine code. This is a 
separate phase which must be done 
between typing in the program and 
running it, but which results in a program 
that should run much inore quickly than 
interpreted Basic. 


Fans of Pascal claim that it lets ideas be 
turned into programs much more quicly 
than Basic, and the rate at which it is 
growing in popularity seems to support 
them. 


Forth 


Forth is another language that is growing 
in popularity, and like Pascal, has those 
who love it and those who hate it. It is 
unusual in that there is one cheap 
dedicated Forth computer, the Jupiter 
Ace. 


The philosophy of Forth is rather 
different ta that of Basic, and even Pascal. 
Instead of having a program made up ol 
lines which are executed one after the 
other, Forth uses what it calls “words”. 
Forth works by keeping a dictionary of 
words, with some action or series of 
actions associated with each one. To get 
the computer to perform the actions 
associated with that word, you simply type 
in the word. The computer looks up the 
word in its dictionary, and does whatever 
action has been specitied. 


For example, the word "EMIT" is used to 
print a character on the screen. But where 
does the computer find the character to 
print? Here Forth differs from other 
languages again in that it uses something 
called 4 “stack”. This can be thought of as 
being like one of those spring-loaded 
plate holders you sometimes see in cales, 
When a plate is put on top the whole pile, 
or stack, of plates is pushed down. Whena 
plate is taken off the stack the rest pop up 
one place. 


STB er 


The Forth stack works just the same 
way. When an operation is performed 
values are “popped’ off the stack as 
required, and the result “pushed” back 
onte it. If you have ever used a Hewlett- 
Packard calculator you will be familiar 
with this idea, except that in Forth the 
stack is usually rather bigger - about 60 
deep is common, Arithmetic is done in the 
same way ason Hewlett-Packard calcula- 
tors too. Two values are pushed onto the 
stack, and then the appropriate arithmetic 
operator entered. For example, entering 
"+" will take the top two values from the 
stack, add them together, and push the 
result back onto the stack, from where it 
can be printed. For various obscure 
reasons this is called “reverse polish" 
arithmetic. 


So Forth has words and a stack. How do 
you program it? This is the clever bit. 
When you first switch on a Forth compu- 
ter there are just a few words already 
defined for you, maybe 40 or 50. But you 
can then detine your own words in terms 
of the words the computer already knows, 
and add them to the dictionary. For 
example, a word to print the top two 
characters could be defined like this: 


:EMIT2 EMIT EMIT; 


This uses the word EMIT, which the 
computer already knows, to define the 
new word, EMIT2. From now on, when- 
ever you type “EMIT2” the top two 
characters on the stack will be printed. 
You can also use the new word in the 
definitions of other words, and so on, 
building up a bigger and bigger diction- 
ary. 


Forth runs very quickly because as 
each word definition is entered the system 
looks up the words it uses and attaches 
the appropriate “hooks”. Then when it 
comes to using the word the computer 


has to do little except perform the actual | 
operations required, instead of takinga lot | 


of time interpreting what has been typed 
in, as Basic does. This technique is called 
“threaded coding" and is reported to give 
programs that run 1O or more times as fast 
as Basic - though of course this depends 
how good your version of Forth is, and 
how good a programmer you are! 


Forth has features for doing all the usual 
sorts of things, such as testing values, 
looping, and so on. Forth interpreters are, 
relatively speaking, quite simple, and so 
can fit into the RAM of even a modest 
computer, They are available for many of 
the popular machines, so if you want to 
learn a completely new language, Forth 
could well be the cheapest way of doing it. 


Figure id. High-iow program in Basic | 


1Q@ NO=INT(1O@+#RNDC1)) 
i5 TR=@ 

28 TR=TR+i 

25 INPUT "GUESS";:G 

3@ IF G=NO THEN GOTO 68 
=5 IF G¢(NO THEN GOTO 5@ 
4@ PRINT “THAT IS TOO BIG" ee 
45 GOTO 28 

5Q PRINT "THAT IS TOO SMALL" 

55 GOTO = 

6@ PRINT "YOU GOT IT AFTER"3TRi "ATTEMPTS" 
65 sTop 


Fig 2. High-low program in Pascal 
PROGRAM HIGHLOWCINPUT, OUTPUT) 3 
VAR NUMBER, GUESS, TRIES : INTEGER; 
IMPORTS RANDOM: 
PROCEDURE ASK; 
BEGIN 

WRITEC’ GUESS? 7)5 

READLN (GUESS) 


END$ 
BEGIN 
NUMBER == TRUNCC10Q. +#RANDOM) 3 
TRIES := 03 
ASK: 
WHILE GUESS <) NUMBER DO 
BEGIN 
IF NUMBER > GUESS 
THEN WRITELN¢’ THAT IS TOO Bit 3 
ELSE WRITELN(’ THAT IS 100 SMALL’); 
TRIES s= TRIES+13 
ASK 
END; 


WRITELNC' YOU GOT IT AFTER’, TRIES,’ ATTEMPTS’ > 
END. 
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The name of a numeric variable can be 
used in BASIC statements instead of 
numbers. Having defined X, we can now 
say 


LET Y = X 


and the computer will go to location X, 
find the number 2 and copy it into a 
location called Y. Note that, to make 
sense, any numeric variable on the right 
af the equals sign (sorry, ‘become’ sign) 
must already exist. If ¥ exists as well, then 
the computer will throw away the number 
there and put 2 in its place; if it does not 
exist, then the computer will create it for 
us, just as it did with X. 


So far 1 have been using single letters 
for the names of numeric variables. The 
rules for legal names vary from machine 
to machine, but a general guide is: 


(1) the first character must be a letter 
(2) subsequent characters may be letters 
or numbers 
There may be a limit on the total 
number of characters, but not always. 
Some micros are happy with 


LET 
PRETTYSILLYNAMEFORA 


VARIABLE = 1 


but you'd soon get tired of typing it. 
Before we consider more complicated 
forms of the LET statement, | ought to 
mention the various notations for num- 
| bers that the computer understands. So 
jiar, I've only used whole numbers or 
integers, eg 1,99, 4096, You can also use 
decimal or real numbers, eg0.01,3.14159. 


Like the better pocket calculators, if a 
number gets too large or small, a compu- 
ter will also understand ‘scientific’ nota- 
tion, eq 1.23 E24, where the tigure atter E 
represents a multiplying power of 10, so 
the example means '123 followed by 22 
noughts. There is usually nothing dilfer- 
ent in the way any of these numbers are 
stored, the computer is just choosing the 
easiest notation for you, (On some mach- 
ines a special type of numeric variable 
name can be used to represent numbers 
that must be integers). 


Back to the LET statement. Up till now 
the examples have been very simple 


‘because the right hand side has been 1 


number or 1 numeric variable. These 
have just been special cases of numeric 
expressions, ie a combination of numbers, 
arithmetic operators and variable names 
which gives a number. Addition and 
subtraction are straightforward: 


LET X=2+3 
sets X to 5, and 
LET X = 7-04 


sets X to 6.6. Multiplication and division 
work too, but the computer uses special 
symbols tor these -* and / . So, 


LET X= 2°35 
sets X to 7, and 
LET X = 10/2 
sets X to 5. 


It the expression gets more compli- 
cated, you should remember that multipli- 
cation and division are done first, unless 


you force another part to be done first by 
enclosing it in brackets. So, if A holds 3, 


LET X=2+A*S 


sets X to 17 because the ‘3° 5’ bit is done 
first, whereas 


LET X = (2+ A/S 


tells the computer to work out the ‘2 + 3' 
before doing the multiply by 5, and so 
gives the answer 25. Finally, if we now say 


LET X=X+1 


then X becomes 26. This is the case which 
puzzles people who think = means equals. 
‘X equals X + 1’ doesn't make much sense, 
whereas let X become the current value 
of X increased by 1' does. 


As well as numbers and numeric 
variables, you can also use arithmetic 
functions in expressions. Most of these are 
just like the functions you find on scientific 
calculators, so we won't explain them all 
here. The SOR function gives the square 
root of its argument. (The argument of a 
function is the expression immediately 
tollowing the keyword. It should really be 
enclosed in brackets, but again some 
computers don't insist on this). So the 
statement 

LET X = SQR (25) 
sets X to 5. The ABS function gives a 
number the same size as its argument, but 
turns negative numbers into positive 
ones. So 
LET X 7 ABS (10 - 15) 

again sets X to 5 (and not - 5). Functions 
can be used in more complicated expres- 
sions. If Y is -10, then 


LET X = 1 + SQR (6 + ABS (Y)) 


yet again sets X to 5. (Remember that the 
SOR function works on the whole of the 
expression in brackets, ie 6 + ABS (Y)). 
Note that using the ABS function on Y 
does not change Y itself. Y is still -10. 


One useful function which you don't 
find on calculators is RND. In its usual 
form this gives a random number bet- 
ween © and 1, and doesn't need an 
argument. The main use of RND is to stop 
programs following the same sequence 
every time, which would quickly get 
boring in the case of games, for example. 
So 

LET X = 25* RND 


would set X to some number between O 
and 25. 


We have covered the field of manipulat- 
ing numbers and numeric variables in 
some depth. It is now time to consider the 
other sort of object that a computer can 
handle - text. In computer jargon people 
use the word ‘string’ for this, so we talk of 
string variables and string manipulation. 
String variables are a similar concept to 
numeric variables; somewhere in its 
memory the computer reserves a part of 
store suitable for holding a string, and 
labels it with the name you invented. The 
rules for legal string variable names again 
vary from one computer to another, but 
one rule does not- 


(1) a string variable name ends with the 
$ character. You can assign a string to a 
string variable using our old friend, the 
LET statement. So 


LET A$ = “TEXT” 

sets A to the string TEXT. Note that the 
surrounding quote marks are not actually 
part of the string - they just help the 
computer work out where it starts and 
ends. (If you think of the problem of setting 
A? to a string beginning with some 
spaces, you'll see why the quotes are 
helptul), The actual ‘text’ in a string is not 
limited to letters, but can be anything you 
manage to type in. So this should work, 
but is not very useful: 


LET A® “LET A* = 
QUOTES” 
Manipulation of strings is much simpler 
than that of numbers because there is not 
much you can do that makes sense (what 
is the square root of a string?}. You can 
join strings together (the jargon word is 
concatenation), and to save inventing a 
new symbol for this we pinch the addition 
sign from arithmetic. So 


LET A$ = “SUN” + “DAY” 
sets A? to SUNDAY. Wecan use variables 


in string expressions, as in 
LET A$ = B* = “DAY” 


which might be useful if B® had pre- 
viously been set to SUN, or MON, or TUE 
etc. There are also functions for extracting 
smaller strings from the result of a string 
expression, but as they vary from one 
machine to another we won't discuss 
them here. 


STRING IN 


So far you could have typed all the 
examples in to a computer and not seen 
very much in return, except perhaps for 
some symbols in the corner of the TV 
screen meaning ‘OK, | did that’. Fortu- 
nately, you can make the computer be 
more communicative by using a PRINT 
statement. The result of any numeric or 


string expression following the ward 
PRINT will be displayed. So 
PRINT X 
PRINT A* 
PRINT (2+ 3)*5 
PRINT “A” = “" + “STRING” 


should print on the TV screen the number 
in X, the string in A*, 25, and A STRING 
respectively. All these examples would 
print each item at the beginning of a new 
line. To get several things on one line, you 
can use just one PRINT statement, separa- 
ting the items by semi-colons. So 
PRINT X; Y; Z 

would print the numbers in X, Y and Z on 
the same line. A semi-colon in a PRINT 
statement really means ‘print the next 
item immediately after the end of the last 
one’, so the last example would not be 
very useful because the numbers would 
run into one another. A better way would 


be 
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PRINT X: °”; Y;“"; Z 
which puts spaces between the numbers. 
You can put semi-colons at the end of 
PRINT statements as well, so saying 
PRINT X; 
doesn't affect the printing of X at all, but 
the next item to be printed will start 
immediately after X and on the same line. 

Another symbol with special signifi- 
cance in PRINT statements is the comma. 
This is a bit machine dependent, but you 
should imagine each line on the TV 
screen as being divided into several print 
areas. A comma means ‘print the next 
iter at the start of the next free print area’. 
Of course, if you are already past the start 
of the last print area on the current line, 
then the comma will mean ‘go to the start 
of the next line’. Commas are useful for 
displaying tables; a succession of com- 
mands of the form 

PRINT X, Y 
should produce a nice layout of two 
columns of figures. 

All the BASIC statements used in the 
examples so far could have been typed 
straight into the computer and would 
have been executed immediately. You 
could make the computer obey a long 
sequence of BASIC statements in this 
way. However, this is rather tedious, and if 
a mistake is made half-way through you 
would probably have to start again. 
Fortunately, the computer can remember 
a whole sequence of statements and obey 
them ‘on request. Such a sequence is 
called a program. BASIC program state- 
ments look just like ordinary BASIC 
statements except that they start with a 
number (called the line number). Consi- 
der the following simple program: 

10 LET X = 1 
20 PRINT X 

If we type this into the computer - 
nothing happens! However, both lines are 
remembered and can be obeyed by 
typing the command RUN. This tells the 
computer to obey each BASIC statement 
it has remembered in ascending line 
number order as if it had been typed in 
without a line number. Line numbers can 
be any whole number and do not have to 
be entered in sequence - the computer 
orders them for you. So if we RUN the 
above program, X will be set to 1 and 
printed. Now, if we type: 

10 LET X=2 

this replaces the previous version of line 
10 and if we now RUN the program, X will 
be set to 2 and printed (note that line 20 is 
unaffected by the change in line 10). We 
can ask the computer to show us the 
program it currently has by typing the 
command LIST, orif we want tocancel the 
whole of the current program and start 
again we can type NEW. 


Let's now consider another way in 
which we can assign a value toa variable. 
We have already met the LET statement 
and if we run the following program X will 
be given the value 2: 


10 LET X=2 
20 PRINT “X” = “;X 


Every time we run the program, X = 2 
will be printed out. To change this we can 
redefine line 10 to give any value to X we 
choose, but this means we have to alter 
the program before every run. So what? 
you may ask, it's easy enough to change. 
Obviously that’s true in such a simple 
example as the one above but in a large 
program there can be many such lines, 
not all of which are at the start. More 
importantly you may want to give X a 
value which depends on previous output 
from the program. Ideally we would like 
the program to ask us for the value of X 
when it is needed. The INPUT statement 
does exactly that. 


If line 10 above is changed to: 
10 INPUT X 


then when we run the program, it will stop 
temporarily at line 10 and wait for us to 
supply a value for X. Normally INPUT 
causes BASIC to print a ‘“” on the screen 
which invites us to type in the required 
value for X. A more meaningful prompt 
can be obtained by preceding the INPUT 
with a PRINT statement ending in a semi- 
colon. This forces the ‘?’ to appear 
immediately after whatever was printed, 
eg: 


10 PRINT “WHO ARE YOU"; 
20 INPUT A$* 


will produce 
WHO ARE YOU? 


on the screen and your reply will be typed 
on the same line after the "?’. Notice that 
string variables can be INPUT as well as 
numbers. Liberal use of this technique 
makes programs more friendly and easy 
to use. 

So far we know that when a program is 
executed the statements are obeyed in 
increasing order of line number. Some- 
times however it is useful to be able to 
change the order of execution whilst the 
program is running. For example we 
might want to repeat a sequence of 
statements several times or obey some 
statements only when certain conditions 
are met. Suppose you want to calculate n! 
(read 'n factorial’) which is defined as all 
the numbers from 1 to n multiplied 
together (so 4! = 1x2x3x4 = 24). The 
following program does this: 


10 INPUT N 
20 LET NFAC = 1 
30 LET NFAC = N* NFAC 
40 LETN=N-1 

50 IF N > 0 THEN 30 

60 PRINT NFAC 

N! is built up in the variable NFAC (which 
starts with the value 1 in line 20). Line 50 
introduces the ‘IF statement. This allows 
us to test the value of a variable and 
change the order of execution of the 
program depending on the result of the 
test. The general form of the IF statement 


is: 
IF condition THEN line number 


If the condition is true the program 
continues executing trom the line num- 
ber given after the word THEN, otherwise 
if the condition is false the next line 
obeyed is the one following the IF. In the 
above example lines 30-50 are obeyed 
again and again until the condition N>O 
(N greater than zero) is no longer true. 
Notice that N is decreased on line 40 and 
so must eventually become negative and 
the IF statement will then fail causing the 
program to obey line 60 and not jump 
back to 30. 


We can perform a wide variety of tests 
in an IF statement using any of the ‘rela- 
tional operators’ =|,< , >and< > (these 
being ‘equal to’, ‘less than’, ‘greater than’ 
and ‘not equal to’ respectively). Several 
tests can be combined using the ‘logical 
operators’ AND, OR, and NCT in the 
obvious way. String variables can also be 
compared, eg: 

50 IF DAY*="SUN” OR DAYS="SAT” 
THEN 100 

A common requirement when writing 
programs is to obey a sequence of 
instructions for a certain number of times 
before proceeding with the rest of the 
code. In the factorial example above we 
have seen how to do this using the IF 
statement to determine when we stop 
‘looping’ back. A neater method is avail- 
able in BASIC and uses two distinct but 
related instructions called FOR and NEXT. 
Using these the factorial program can be 
rewritten as: 

10 INPUT N 

20 LET NFAC = 1 

30 FORI=1TON 

40 LET NFAC = f NFAC 
50 NEXT I 

60 PRINT NFAC 

The statements between the FOR and 
NEXT lines are repeated as often as the 
FOR line specifies. Associated with every 
FOR/NEXT loop is a loop variable (which 
is I in the above case but could be any 
BASIC variable), and this takes a different 
value on each pass through the loop. The 
most general form of the FOR statement is: 

FORI=ATOBSTEPC 
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On the first pass through such a loop | 
will be given the value A and on every 
subsequent pass C will be added to [ until 
such time that | exceeds B. At that point 
the loop is ‘broken’ and the program 
continues with the statement following the 
‘NEXT I’, If C is equal to 1 then ‘STEP C’ 
can be omitted from the FOR statement 
and so as in line 30 above the loop will be 
obeyed N times because the variable [ 
has to take all the values from 1] to N in 
steps of 1 fie, 1, 2, 3 ... N). The NEXT 
staternent tells the computer to jump back 
to the corresponding FOR statement and 
select the next value of | before repeating 
the instructions in the loop. So if N=4, the 
effect of lines 30-50 above is exactly the 
same as if we had written: 

LET NFAC = 1* NFAC 
LET NFAC = 2* NFAC 
LET NFAC = 3* NFAC 
LET NFAC = 4* NFAC 

The values specified in a FOR state- 

ment can be quite general, for example: 

FOR J - 5.5 TO 3 STEP -0.5 
would tell the computer to repeat the lines 
up to the ‘NEXT J’ instruction for J taking 
the values 55, 5, 4.5, 4, 3.5 and 3. 
FOR/NEXT loops are very useful when 
dealing with arrays which we will look at 
next. 

So far all the BASIC variables we have 
used have been ‘simpie’ ones which 
means that they can hold only one value 
at atime. Very often we want to be able to 
deal with a group of items which have 
something in common. For example you 
might carry out a smal] census on all the 
houses in your street and record the 
number of adults living in each house. If 
there are 30 houses we need to store 30 
numbers. We could do this by using 30 
BASIC variables, say Al, A2,...A30 and 
if we wanted to know the number of adults 
in house 5 we would ‘PRINT AS’. How- 
ever if we wanted to print out the number 
of adults in each house in turn we would 
need 30 different PRINT statements and 
this approach is clearly impractical. Array 


' variables provide the answer. 


An array variable is one that can hold 
many different values at once. Obviously 
we must be able to distinguish between 
these values and this is done by putting a 
‘subscnpt in brackets after the variable 
name. For example if A is such an array, 
then its different components are A(1), 
A(2), A(3}, ... up to some limit which is 
called the size of the array. In the above 
example we need an array of size 30 to 
store the census data. Notice that the 
simple variable Al is not the same as A(1) 
- the latter is merely one element of the 
array variable A. We can now see how to 
print out our census data ie. the number of 
adults in each house using only 1 PRINT 
statement: 
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50 FORI= 1 TO 30 

60 PRINT “HOUSE"J;"-";A(1); 
“ADULTS” 

70 NEXT I 


The FOR/NEXT loop ensures we deal 
with all 30 houses and the PRINT 
statement gives the house number and 
the number of adults living in it. A typical 
line of output might be: 


HOUSE 17 - 2 ADULTS 


The most important point to notice 
about line 60 is the use of a variable 
subscript for the array A. Each time round 
the loop, I takes a value between 1 and 30 
and we can select the corresponding 
component of the array variable A by 
using | as the subscript. The computer first 
calculates the value of I and then selects 
the element A{I) (read ‘A of I’) accordingly. 
It is this feature of arrays that make them 
so powerful. 


In most respects array elements can be 
treated just like simple variables - they 
can be used in INPUT, PRINT, IF and LET 
statements and calculations can be per- 
tormed on them. For example if we have 
another array, C, which contains the 
number of children in each house then 
we can print the total number of people 
living in each house using: 


60 PRINT “HOUSE ".I;" - ";A(I)+ C(I); 
“PEOPLE” 


In principle arrays can be as large as 
we like, although in practice the size is 
restricted by the computer memory avail- 
able. Before we use an array variable we 
have to tell the computer how big the 
array will be, To do this we use the DIM 
statement (short for dimension} and simply 
list all the arrays we need and specify 
their largest subscripts - for the above 
example we could use: 


10 DIM A(30), C(30) 


String variables can also be made into 
arrays and so we might keep the name of 
the owner of each house in an array 
called Nt: 


60 PRINT “HOUSE ”,I;" IS OWNED 
BY *; N&I) 


which could produce: 


HOUSE 17 IS OWNED BY BILL 
BROWN 


Earlier we saw how the order in which 
lines of a BASIC program are executed 
can be changed depending on some 
condition by use of the IF statement. 
Occasionally we need to jump to a new 
line (out of sequence) no matter what 
values the variables have. To do this we 
use the GOTO statement. It is very simple 
to use: 


HOW ‘TO MAKE, 
A MICRO 


Making a microcomputer at home is quite 
easy, needing only a few rocks, plenty of 
patience, and one or two items of special 
equipment costing not more than a 
£1,000,000,000 or so. 

Nearly all of the cost comes in making 
the integrated circuits, or chips. Once you 
have got those right attaching them to 
each other to make a computer is a 
doddle by comparison, But what really 
goes on inside those little black blobs with 
all the little legs? To answer that you have 
to go back a few steps ... 


It all starts with silicon (not to be 
confused with silicone, which has a 
completely different use altogether). Sili- 
con is a very common element, in fact, 
rocks are just silicon and oxygen in 
chemical combination. If you measure 
the electrical properties of materials you 
find that some conduct electricity better 
than others. For a long time everything 
was Classified as either a conductor, such 
as copper or brass, or an insulator, such as 
wood or plastic. Then it was found that 
silicon and a few other materials behave 
sort of half way between a conductor and 
an insulator. They are therefore called 
‘semiconductors’. 


It was then found that the electrical 
properties of silicon could be modified 
quite drastically by adding very tiny 
amounts of other elements, such as 
arsenic and phosphorus. Adding these 
impurities is called ‘doping’ the silicon. 
The big breakthrough came when it was 
found that by taking a piece of silicon and 
doping different parts with different ele- 
ments and then attaching wires to the 
right places the result was a very useful 
device christened a "transistor". 


A transistor is in effect an electronic 
switch. By poking a little bit of electricity in 
one wire it will let a much larger amount 
flow through it. It is a bitlikeatap, where a 
small amount of effort used in turning it 
allows a very powertul jet of water to flow. 


Not so much a step-by-step 
guide forthe keen electronics 
handyman, more a look at 
how the heart of a micro- 
computer is created. 


The invention of the transistor was one 
of the great milestones in the develop- 
ment of computers. The details of how 
they work is too complex to go into here, 
but there are plenty of books around 
explaining it - but beware, as it will be 
hard going unless you have a good 
grounding in physics! 


Transistors now come in many varie- 
ties, but they all have the common 
property that they allow a more or less 
large current to be controlled with a 
smaller one. 

You can do things with a single 
transistor, but usually you need quite a 
few of them. Put enough transistors 
together in the right way and youcan end 
up with a hi-fi system, the guts of a 
television, or a computer. 


Now we come to the next clever bit. 
When transistors were first sold they came 
in little cans, about 5mm high and the 
same across, with three wires coming out 
of the bottom. Individual transistors are 
still sold like this. To make a circuit you 
have to solder transistors together. But 
some circuit configurations are very 
common, and some particular arrange- 
ment of two transistors might be used over 
and over again. So why not make two 
transistors on one piece of silicon, ready 
wired up together? 


This was done, and was soon followed 
by more and more transistors and other 
components, including diodes and resis- 
tors, all being made on a single piece of 
silicon by suitably doping different areas, 
Because all the components for a circuit 


were “integrated” into one piece of 
silicon, these lumps of silicon became 
known as “integrated circuits”. Nobody 
really wants to wander round saying 
‘Integrated circuit” all day, so in the trade 
they get called “ICs”, or “chips”, the latter 
now having passed into the English 
language. 


Ot course, the more complex the circuit 
built onto a chip, the more wires you need 
going in and outof it, and the less general- 
purpose it becomes. Thus today there are 
many thousands of different types of 
integrated circuits being made. 


Simple ones may have a few tens of 
transistors, and can be used for a wide 
variety of purposes, such as a general 
purpose amplifier chip. More complex 
ones can have tens of thousands of 
transistors, and can do only one job. A 
microprocessor. 


There is a nice little paradox here. By 
making chips more and more complica- 
ted they become more and more special- 
ised, until you eventually get to the 
microprocessor, This is apparently the 
most specialised chip of all, and yet it 
forms the heart of acomputer, which is the 
most general purpose machine of all! 


Incredibly pure 


Well that all sounds quite straightforward. 
Take a lump of silicon, add a few 
impurites here and there, attach some 
wires, and hey presto, there’s your micro- 
processor. 


Of course it isn't quite as simple as that. 
For a start, your silicon has to be 
incredibly pure. If even one atom out ota 
million is not silicon it is not pure enough. 
The level of purity is so great that if you 
tilled the Albert Hall with silicon there 
would be less then a cup full of impurities 
in the whole lot. 


71 


Then comes the problem of adding the 
impurities in the right places. Now a large 
chip might be about 5mm square, and 
onto this you have to get perhaps 10,000 
transistors, each one consisting of maybe 
three different regions doped in different 
‘ways! Obvieusly the doping has to be 
very, very precise, and getting the dopants 
in the right places can rnake conventional 
precision engineering look like navvying. 


The way it is done is as shown in the 
sequence of diagrams below. Firstly a 
piece of silicon is taken and polished 
smooth. This is called a slice. Then it is 
heated up so that a layer of oxide - 
essentially silicon rust - is formed, as 
shown in the second figure, On top of this 
a layer of special material called "photo- 
resist’ igs put down. This stutf has the 
property that it softens on exposure to 
ultra-violet light. 


The photo-resist is exposed to ultra- 
violet through a “mask”. This mask is like 
a photographic negative, and is trans- 
parent in the places where the doping is 
required. After exposure the slice is 
washed, so leaving the oxide exposed 
where doping is wanted. 


The whole slice is then bathed in 
hydroflouric acid, which dissolves the 
oxide, leaving bare silicon, The remain- 
ing photo-resist is washed away, leaving 
an oxide “negative” of the required 
doping pattern on top of the silicon. 


Now we can introduce the doping 
material. This can be done either by 
covering the wafer with the right material 
and heating it toa very high temperature, 
or by literally “shooting” itin the form ofa 
high energy beam of particies, 

Finally the oxide can be washed away 
in hydroflouric acid, and there is the slice, 
correctly doped! 


If that rigmarole wasn’t bad enough, 
you actually have to go through it two or 
three more times to get in different 
dopants in different places. And of course 
the masks used in each stage have to be 
very, very accurately lined up with the 
previous ones. Last of all a similar 
procedure is used to lay down a pattern of 
aluminium connecting up all the indivi- 
dual circuit elements. 


All of this has to be done in very, very 
clean conditions. The best operating 
theatre in the world is just too dirty and 
dusty for making integrated circuits. A 
single speck of dust in the wrong place 
can completely destroy a transistor. 


A single silicon slice will have several 
hundred chips fabricated on it at once. 
After tne slice has been processed all of 
the circuits are tested, and those thatdon't 
work marked with a blob of red paint. 
Such is the complexity of manufacture 
that even with all the special precautions 
only about one in ten of the most complex 
chips might actually work at the end. 


The slice is finally broken into indivi- 
dual chips and those that work mounted 
in the litte black bits of plastic and wires 
attached leading to tne little legs. 


The manufacturing process depends 
on getting the right :nasks to expose the 
photo-resist. Designing these is in itself a 
massive job. Can you imagine trying to 
arrange 10,000 transistors properiy so 
that they can be connected together 
without any of the wires crossing each 
other? Not easy! 


Well that's a quick run-down of how a 
microprocessor is made. You have to go 
through the same process, although with 
different masks of course, for the memory 
chips and all the other bits and pieces that 
go to make up a computer. Then you have 
to atach thei together, add a Basic 
interpreter, a keyboard, and putitina box. 


So next time you look at a computer, 
just give a moment's thought to the effort 
thal has gone into making it - and it's 
yours for only £100 erso. And yet despite 
all the thousands of man-years of work 
needed to make a computer from tne raw 
materials dug out of the earth, it still 
complains “SYNTAX ERROR’ when you 
tell it the wrong thing! 


Now add 
printer... 


Television set, printer, cassette recorder, are all 


called peripherals. Here we describe what a printer 


is, and how it can be put to good use. 
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Glancing through the advertising pages 
of the computer magazines, you rnay be 
surprised to find that almost all the goods 
being offered for sal2 are not computers. It 
you re not yet into computer jargon some 
of these things may bea little bewildering. 
Just who is this Joy Sticks? Are light pens 
only suitable if you have a limp wrist and 
isa ‘disc 1/0 cable 34 w IDC to 2*34 way 
card edge’ a bargain at only £12? Ne 
panic pas, the purpose of this article is to 
explain some of the mysteries surround- 
ing these terms. 


A computer is rather a silly creature - it 
can sit there for hours calculating happily 
to itself, solving thousands of unsolved 
problems and feeling very smug, but it 
has no way of telling you what it has done! 
To overcome this slight technical hitch, 
computer manulfacturers have designed 
some extra devices which ‘plug into’ the 
computer to allow it to communicate 
more effectively. These devices are gener- 
ally known as peripherals and there are a 
couple of them you can't afford to be 
without. The first is a television set (or a 
monitor, which is a TV set that can't 
receive TV) and the second is a cassette 
recorder, Armed with these two peri- 
pherals you can have endless hours of of 
computer fun with no extra costs. But then 
some well meaning friend says he'd be 
‘lost without his printer’ and ‘disc drives 
are a must and you're back to reading the 
adverts ... 


“Hard copy” 


A printer is certainly a useful piece of 
equipment if you are going to write your 
own (large} programs or have a business 
application in mind. But if your only 
ambition in life is to become world 
champion at Space Invaders before the 
age of 7, you can probably do without 
one. A printer, as its name implies, allows 
you to print out information from the 
computer onto paper instead of (or as well 
as) to the TV screen. Programs themselves 
can be listed as well as the output from 
running a program, in other words, the stult 
you normally get on the TV using PRINT in 
BASIC. Some printers will also allow you 
to plot graphs although you may need to 
write a special program to do this. Most 
hobbyists will use a printer simply to geta 
‘hard copy’ listing of a program (it's much 
easier to ‘debug’ a program when its 
spread out on the living room floor). For 
business use you might want to print 
weekly sales’ figures or alternatively 
produce stereotyped letters. Depending 
on the application, it's important to choose 
a suitable printer. 


Example of a printer's work. 


There are a variety of mechanisms by 
which a printer can work and these 
obviously affect the quality of type, speed, 
noise and cost of the product. The two 
most common types of printer are the 
daisywheel and the dot matrix. We will 
consider each in some detail. 


The daisywheel printer is probably the 
easiest to understand as it is similar to a 
norma! typewriter. Imagine all the letter- 
arms of a typewriter laid out flatin acircle © 
- join them all together in the centre and 
you have a ‘daisywheel’, The wheel is 
normally made of plastic and will have all 
the characters found on a normal key- 
board, A different font (that's the character 
set not the thing you find in church) can 
be used by changing the wheel. 


The mechanics of the printer are simple 
enough. The wheel is held vertically in 
front of the paper and can be rotated so 
that any of its arms can be brought to the 
printing position. When the correct arm is 
in place a small electro-mechanical 
hammer pushes the arm forward onto a 
ribbon printing the character just like a 
normal typewriter. The entire wheel and 
hammer mechanism is moved along on 
guide rails before the next character is 
printed. The similanty between this mech- 
anism and that of a typewriter is retlected 
in the high quality of the print produced - 
olten called “letter” quality. This is prob 
ably essential if you want to send out im- 
portant business letters generated on 
your computer. However the speed print 
ing is usually slower and the cost greater 
than for a dot matrix printer, making the 
latter the more likely choice jor the 
amateur, 
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an example of the "letter 
quality" print you can get from a daisy 
wheel printer. These printers are 
particularly good for attaching to word 
processors, or anywhere where the result 
is going to be presented to 
none-computers users, but they tend to be 
expensive. 


This is 


Of course before you can print any- 


> thing you will need some paper. A few 


printers need special paper which can be 


- a disadvantage (especially for business 
- use) but daisywheel and dot matrix 


printers take ordinary plain paper. There 
are two methods by which the paper can 
be fed through the machine. The first is 


= the friction-feed system (as found on a 
- conventional typewriter) in which the 


paper is gripped between two rollers. This 
is essential if single sheets of standard 
paper are to be used (for letter printing). 


; The second method is called the tractor 


feed mechanism {no, it's not specially for 
farmers). To use this, paper having holes 
down each side is needed. Sprockets 
keep the paper tightly positioned and turn 
to move it up. The holes are sometimes on 
perforated strips which can be removed 
after printing. This sort of paper costs less 
than 1p a sheet which is not too bad. 


Next we must consider how you con- 
nect a printer to a computer. There are 2 
basic methods - the serial (or RS232) 
interface and the parallel (or Centronics) 
interlace. Obviously the final result does 
not depend on the interface - the print 
quality depends only on the printer. The 
difference is a technical one. Each charac- 
ter is represented in the computer by 8 
binary digits (bits) and these must be 
transmitted to the printer. With a serial 
interlace each bit is sent in turn down a 
single wire. The parallel interlace consists 
of 8 wires and one bit is sent simul- 
tanecusly down each wire. Although this 
appears to give the parallel version a 
speed advantage over the serial one, in 
practice the transmission rates of both can 
easily keep up with the printing speed of 
home printers. Usually this is given in 
characters per second or cps (30 is pretty 
poor - 160 is very good). The parallel 
interlace is usually standard on printers 
{you may have to pay extra for a serial 


- one) - check the computer connections 


before rushing off to buy a printer, 


THiS (5 @M Xam le of THE print 
from a dot matrix erinter With 
a KS matrix. it has "ao real 
descenders, but is Fi tre for 
Prog ran PistingS, and iS auite 
cheao. With Some modeig you can 
get compressed characters to Save paper: and afso 
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Finally, the nasty part how much does 
a printer cost? Basically 'you pays yer 
money and takes yer choice’. There are 
small printers {using narrow paper) avail- 
able for less than £100, but to be able to 
fat least) A4 size paper you will need 
o spend between £200 and £400 depend 
ng on the sp and quality of printing. 
For this reason you are probably not likely 
to invest in a printer until you feel sure you 
need one 


“A program on a disc 
can be loaded almost 
instantly no matter 
where it is on the disc” 


Another expensive peripheral is the 
disc dri The price here varies from 
about ita LLOOO so we'd better find 
out what a disc drive can do for us! 
Remember the tape recorder? That was 
ripherals. Its use 

srograms and data 
\ ying one normally and 
scaring the cat!) Now if tape recorders 
play tapes you might guess what disc 
play. Right. Discs are like those 
: 1s you get from the Readers 
except they are square (well 
they're sealed in a square piece of card 
anyway}. They come in 8" and 94" sizes, 
the latter being more common for home 
use, and are played” rather like ordinary 
records. The sneaky part is that you can 
record on them as well as ‘play them 
back’. 


essential’ r 


one of th 


on a tape ¢ 


The practical differences between discs 
and tapes are similar to those between 
records and tapes of music. Forexample if 


> 


you want to play track 3 of a record you 
just lower the pick-up at that point, 
whereas a tape must be run through to the 
right place which takes considerably 
longer. A program on a computer disc 
can be loaded almost instantly no matter 
where it is on the disc. In addition discs 
can store and retrieve information much 
more quickly than tapes (between 50 and 
100 times faster). Not only that but the 
computer can ‘interrogate’ the disc to find 
unused sections automatically making 
the saving of programs much easier. 


Disc drives can be more difficult to 
connect to a computer than a printer and 
adjustments to the computer itself are 
olten needed first. If the choice is between 
a printer and discs then a printer is likely 
to be a better investment. Somewhere 
between tapes and discs come the so 
called ‘fast tape’ drives. These are spe- 
cially made tape drives using closed loop 
tapes arid can store information at speeds 
up to 10 times that of a standard tape 
recorder. They cost just over £100 and 
may be a good buy if you can't atford 
discs. 


Two examples of dot matrix printers. At 
the foot of the page is the Epson RX80 
and below is the Sinclair ZX printer. 


To conclude this quick look at peri- 
pherals there are two fairly cheap ones 
that can be useful. First the ‘joystick’ 
(usually sold in pairs) which consists of 
(rather surprisingly) a joystick and also a 
‘fire’ button. The joystick generates a small 
voltage depending on its physical posi- 
tion which can be measured by the 
computer and passed into a program. 
Thus by moving the joystick you might 
control the position of a spacecraft on the 
screen. Similarly the computer can detect 
whether or not the fire button is pressed 
allowing you to control the dropping of 
bombs or firing of a gun. A reasonable 
pair of joysticks can be bought for less 
than £20. 


A joystick is a must 
for games 


The ‘lightpen' is a device which when 
pointed atthe TV screen transmits a signal 
to the computer specilying its position. 
This can be used for example to make a 
selection from a list of options on the 
screen or draw lines just like using a 
normal pen on paper. !tis possible to build 
your own light pen for less than £20 but 
ready made ones cost nearer £40. In 
general a light pen is likely to be less 
useful than a joystick. 


para 


Take me | 
, to your 
~  jleader... 


Or just who is the brains behind this act? 
Behind the sci-fi image, robots do have an 
important role to play in computer 
technology. 
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Robots 


Robot! What a word to conjure with! Does 
it raise up images of R2D2 chirping and 
beeping through the latest Star Wars 
epic? Or ot Marvin the Paranoid Android 
grumbling sarcastically through lite, the 
universe and everything? ‘T've got this 
terrible pain in all the diodes down my left 
side.” And so on... 


Or does it bring a picture of a massive 
production line, with nota human in sight, 
churning out car after car day and night 
witnout pause? “Designed by computer, 
built by robot, driven by a moron”, as the 
advert didn't quite say. 


We all talk about “robots”; newspapers 
talk about the ‘robot revolution”; but what 
exactly is a robot? 


In the simplest terms, a robot is just a 
camputer linked to a machine. Com- 
monly the machine is some sort of 
mechanical arm, but it does not have to 
be. The cumputer controls the position of 
the armor whatever), opens and closes its 
“hand”, and so forth. In other words, the 
arm is just another computer peripheral, 
but one that can manipulate objects in the 
outside world. 


A simple combination of computer and 
machine is not quite enough - otherwise 
any modern washing machine would 
quality! The computer must have some 
way of seeing’ what is going on; perhaps 
literally seeing, using a TV camera, or by 
some other method, such as mechanical 
sensors, proximity detectors, infra-red 
cameras, pressure sensors on the fingers 
of its mechanical hand, or anything else 
that gives the computer some information 
about what is going on around it. Usually 
several techniques will be used. 


Robots are not 
very clever! 


In addition the computer/ machine 
combination must be general purpose. If 
it can only do one, single task and nothing 
else then it is not a robot, just a clever 
machine. A true robot, for example one 
with a single arm fitted with pressure 
sensors and a camera, can do many 
different jobs, depending on how its 
controlling computer is programmed. 


Does all this sound sormehow familiar? 
A robot is a genera] purpose "working" 
machine in the same way that a computer 
is a general purpose calculating machine. 


That was a simple example. Now let's 
get really tricky. Present the robot with a 
tin of nuts and bolts and a couple of pieces 
of metal. To make life easy we will say that 
the metal already has holes drilled in it. 
We want the robot to bolt the two pieces 
together. 


Just look at what it has to do. It must 
recognise the two pieces of metal, and 
move them around so that all the holes 
match up properly. Then it has to look in 
the tin, select one bolt from a muddle of 
nuts and bolts, and pick it up at the correct 
end. It puts the bolt though the holes, and 
must then find a nut and screw it onto the 
bolt. 


We have just described a nice, easy 
task for anyone who has played with 
Meccano, but one which is very, very 
difficult to explain to the computer that 
drives the robot. 


The underlying problem is called “pat- 
tern recognition’. The computer has to 
recognise the two bits of metal, a bolt, and 
a nut and put them in the correct position. 


If there was some other machine to put all 
the bits in the right place there would be 
no problem. But the idea of a robot is that it 
can recognise the bits it needs and pick 
them out and put them together properly 
for itself. The research effort is going into 
better ways of getting the computer to 
generalise. Show a child a budgie, and 
tell it that it is a "bird", give it one or two 
more examples, and the child will soon 
have gained a concept of the idea “bird”, 
and will recognise an eagle as one, but 
not a bat. It recognises the pattern. This 
generalisation from a few examples is 
something that is built into people, and 
if only we knew exactly how we did it we 
could make robots do the same. Com- 
puter programs so far are very limited in 
just how good they are at generalising, or 
recognising patterns, but they are getting 
better as we learn more. As with so much 
of computing, it is matter of developing 
the right software. 


How far can robots go? Will we ever see 


the “humanoid” (shaped like a person) 
robot of science fiction, catering to our 


... And British Leyland were not 
far behind in the race for 
credibility, Here a Maestro 
undergoes a dry leak testat the 
“hands” of a number of robots. 
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every whim? (Your plastic pal who's fun to 
be with!) There are many problems to be 
overcome before we do. Not just the 
programming, but also developing elec- 
tronics and mechanical bodies that are 
small and powerful, not to mention a 
power source that lasts for a reasonable 
time and can fit in the body (a robot witha 
fifty foot mains lead trailing behind it 
would look rather silly). 


Robotics are now the 

forefront of technology, 

and in a decade's time, 
who knows ... 


We are gradually learning how to teach 
computers, and hence robots, how to 
learn. This is the forefront of technology, 
and nobody really knows what is going to 
happen next. All that can be certain is that 
in a decade R2D2 and friends will look as 
silly as the Buck Rogers spaceships, with 
sparks drifting gently downwards from 
the rear, look to our space shuttle age 
now, 


Fiat were one of the first major 
car manufacturers to make a 
loud noise in public over the 
fact that their products are built 
using robot and computer 
technology ... 


Oe ne 


Such beasts of burden of 
the backroom boys are a 
reality, but how do they 
differ to your micro? Lots! 


W out the cost of a home 
you aff ord it, and even 


Well, if you're a 


forried abc 
computer? Can 
then is it worth having? 
millionaire the problem v you 
can buy the biggest, fastest, prettiest 
mputer around. Obviously there will be 
furnishing snags, like will 

curtains or will it collect the 
But the real question is, what can 


usual! 
the 


dust? 
money buy today in the way of computer 
powerr 


First of 


ce a 


al] exactly what is a Super- 
There is no precise definition, 
but at the very least it must be extremely 
fast, gos a large memory and cost 

fortune. Do these 
Yes they do, although its fair to 
of supercomputer users are 


people really need 
machine 


say that‘ 


and scientists 


ations include weatner 
:d tunnel simulations (it's 
simulate on a computer what 

to the space shuttle in flight than 
ouild a wind t meodeliing 

and star s predicting 
ere underground o irs will be, 
and many ster uses are yearn 


tunnel) 


Garaxles 


There are two main of super- 
computer, the vector pipeline-proc 
and the parallel processor. The tormer is 
better established and nearer to the 
pope serial computer, so we wil! 
isider it first. To understand why a 

o kno 


r pipeline is tast we need { 
e you 


type 


a 


what a vector pipeline is! Sup 


have 30 pairs of numbers and wish toadd 


th pair together. Ona al serial 
nputer (such as a home micn iscan 

e done by performing dition in 
turr:, and so take tin s long as 


performing a single addition 


Individual] arithmetic operations on a 


monepicts are meielie subdivided into 


several tasks all taking about the same 
time. For example, addition usually four 
such tasks: 

a 1 2 Fj + atb 

——i t - a 


loama.*) 


1 task takes one machine cycle 
tnen the eaddit ion a+b will take four cy 
and to add S 50 baie of numbers will te 


‘cles, 


Zt 


Pipeline processo 
the fact that addition can be subdividec 
into these 4 tasks. The addition unit has 


arate hardware components, 
task. As soon as one pair 


numbers has completed, the first task itis 
1 to the second hardware compo- 

ssing and another pair of 
; ssed by the first 
nponent at the same time. This is then 
repeated with the third pair of numbers 
be atter a short while eacn 
dition unitis perform 

sown ne wuts each is processing ¢ 

different pair of numbers: 


be proc 


cor 


It still takes four cy 
lirst answer, a + b, but no 
pair of numbers only 
pehind the first pair in the pipeline anc 
the second answer, c+ d, appears jus 
Similarly the third 


one cye 


one 


voleé after the first, 
answer appears 
second and so on. The time 
pairs of numbers is now only fou 
for the first result plus one more ¢ 
each subsequent result giving a to te al 7 4 
3 Thus the pipeline 
2d a factor of nearly 


@ similar 
C é 1 subtask ol 
car manutacture is carried out simultan 
eously on a large number of cars each 
different phase in the whole 


one 


Even greater speed-ups can be achieved 
by pipeline “chaining”. This is simply 
joining two for more) pipelines togeth » 
that as each result emerges trom the first 
pipeline it is passed immediately inte 
another one and so on. One such 
machine is the Cray | computer. This is 
probably the most widely used super- 
computer and is perhaps the only com 
puter with built in seats! 
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The Cray | stands just over six feet hgh 
and the central cylinder is only 4.5 ft 
across. This compactness is no accident. 
The speed of any computer is limited by 
the time it takes to get information from A 
to B. Information inside a computer is, of 
course, electrical signals which travel at 
the speed ot light. Now when it comes to 
being fast. light isn't exactly slow - it can 
nip around the equator eight times a 
nd or pop off to the moon and back in 


about 2.5 seconds, so what's all the fuss? 


Well the Cray 1 clock time (ie, the time 
{or each task in the pipeline) is about 
12.5 nanoseconds (ns for short). One 
nanosecond is one thousandth of a 
microsecond, and a microsecond is one 
millionth of a second. Home computers 
have clock times of around about one 
microsecond, Now 12.5 ns is not very 
long and even light can only travel about 
12.5 ftin that time, so fast computers rnust 
be smail - the length of the longest wire 
inside the Cray 1 is three feet. 


Not only is it fast but the Cray | also has 
a big memory, typically about one million 
64 bit words which means its between 
125 and 250 times larger than your 
average hore computer. Of course all 
this power is not cheap. The Cray 1 
weighs in at anything from £2M ta £5M 
depending on the memory size and 
hardware used. Not only that, but it needs 
another computer to control it! This other 
computer is called a “front end” and is 
used to organise the interface to the 
human user - and prevent the Cray’'s time 
being wasted with “house keeping” prob- 
lems. 
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Computers of the “super type are by — 
no means over-complicated games: | 
terminals. bay 


The second type of supercomputer is 
the parallel processor. Whereas the pipe- 
Jine machine obtains its speed from a very 
sophisticated processing unit, the parallel 
machine uses lots and lots of very simple 
processing units (they have to be simple 
to keep the total cost down). Consider 
again the problem of adding 50 pairs of 
numbers. If we had 50 processors we 
could assign one pair to each process¢ 
and set them all off simultaneously, eac 
doing just one addition. The time to obtain 
all 50 answers is simply-the time taken by 
any individual processor to produce one 
answer, 


Because a parallel computer has a lot of 
processors they are generally not very 
sophisticated, and taken individually will 
be much slower than, say, the Cray 1 
processor. The speed-up is gained by the ; 
multiplicity of processors rether than their. 
individual speed. 


eS when nobody had a computer at home. 
There weren't many of them, but they 


Sweating face. Itchy palms. Fingers stab- 
bing wildly at phantom keyboards. Wak- 
ing shivering in the middle of the night 
from nightmares of being trapped in the 
latest adventure game. 


Do you recognise any of these symp- 
toms? If so, itmay be too late. You could be 
hooked on computing, and for life. 


The same tragic stories are heard over 
and over again. The middle aged house- 
wife who pawns her wedding ring for a 
few more bytes of RAM. The youth who 
lost all interest in punk rock and turned 
into a zombie, sitting sixteen hours a day 
in front of a keyboard muttering strange 
incantations: “gosub if then let return ...". 


The beautiful fairy tale princess who fell _ 


under the evil spell of the Wizard of Bit. 


They are all computer addicts. They first — 
started to appear in the bad old days, — 


plodding away for hour upon 
terminals : 


Since home computers came on the 
scene the problem has become wide- 
spread. A thousand terminal junkies ten 
years ago have become a million micro- 
maniacs today. 


Could this happen to you? Could you 
really get hooked on computing? The 
answer is yes, it can happen to anybody. 
The magic of the micro makes no 
distinction of race, creed or sex. 


In small doses, computing is quite 
harmless, even beneficial. Make sure that 
you do not overdo it. If you find that you 
would rather talk to your micro than to 
people, then it's time to take a break. 


It may seem to be a joke, but it really 


can get serious. | have even known a 
- marriage that broke down because one 


_partner insisted on reading computer 
printout in bed! 


Enjoy Sin pulling but remember that it 


is only a hobby. Like anything else, you 


it of computing what you put in, but 
that y 


It is not always obvious when some- 
body is hooked on computers.. The 
problem often comes to light when a 
period of forced withdrawal occurs such 
as visiting computerless relatives. over 
Christmas. Withdrawal symptoms - itchy 
palms, etc, etc - soon set in. 


Sometimes a quick “fix” with a pocket 
calculator can help - punching in num- 
bers and turning it upside down to make 
words. But this will only give temporary 
relief. The only real cure is rest and 
sympathy. 


If the patient cannot be weaned from 
the keyboard, don't worry too much. The 
addiction is antisocial but not debilitating, 
and there are now computer clubs where 
addicts can gather together for mutual 
support. g 

In the end ‘the only course might be to 


admit defeat and take up computing full 
time as a job. The time to get really 


- worried is when the patient not only 
spends all his time with computers, but . — 


= starts Stes) about Bice aswell. 


With the boom in home computing has 


come an even bigger boom in home 
computer magazines. There are about 20 


different titles available from the news- 


agent every month, as well as a couple of 
weeklies. Add to these all of the special 
interest group newsletters, and occa 
sional one-off publications, and you get 
guile a bit of reading matter. 


Most of the magazines are general, in 
that they try to cover the whole home 
computer scene, although from various 
angles and with a great range of sophisti- 
cation, 


Increasingly specialist magazines are 
appearing. These cater to users of just a 
single manutacturers computers, oreven 
just a single model. 


Deciding which magazine(s) to buy 
each month is almost as bad as choosing 
a computer. Not many people could 
atlord to get the let every month, never 
mind find time to read them all. This quide 
takes a guick look at the approach and 
level of some of the popular ones. 


By the way, if you find there are mor 
magazines yc a 
attord, why not arrange a syndicate with 
one or two friends? The idea is that you 
each buy a magazine and then circulate 
the copies between you. (The publishers 
are qoing ta hate me for suggesting that!) 


Commonly known by its initials, PCW is 
the grand-daddy of them all. With some- 
thing like 300 pages per issue {usually 
about a quarter to a third “editorial”, the 
rest advertising) it certainly gives you 
plenty to read fer your money, although 
your paper-person might appreciate some 
help paying tor the hernia operation. 


It is a magazine for the enthusiast, 
rather than the complete beginner. Being 
the market leader it does not have to 
worry about upsetting advertisers, and 
this shows through in the hardware 
reviews. They are usually excellent, and if 
a machine is not worth buying, they say 
so. Equally importantly, if a machine is 
d value for money they say that as 


well, 


There are plenty of news and gossip 
pages - itconstantly amazes me thatthere 
is so much news to report each month. 
Each month it pub 
readers’ programs 


blishes a selection of 


Besides hardware reviews the body of 
PCW is made up of feature articles. These 
are not just program listings, but real 
articles. They may describe a particular 
program, mostly something unusual, 
explaining in detail what it does and how 
it works. Other features are more general 
- not a listing in sight - explaining some 
aspect of computing. They are usually 
informative and competent (with occa 
sional lapses, but nobody is perfect}, and 
sometimes very thought provoking. 


The style is friendly, but a lot of 
newcomers find PCW too advanced. This 
is not criticism, just recognition of the 
market it is aimed at. Come back toit after 
a year orsoof computing, when you know 
your way sund, and it will make a lot 
more sense. 


“IS THIS THE NEXT IBM PC? 


Personal Computer World 


Practical Computing 


Another mighty tome, weighing in at 
about 200 pages a month. Practical 
Computing is a good general interest 
magazine. Again the emphasis is on 
news, reviews, and background articles, 
rather than program listings, although it 
has an “Open File” section containing a 
selection of readers’ programs for several 
ol the more popular micros. 


Its general tone is slightly less highbrow 
than PCW, and it even includes the 
occasional short story. It does regular 
reviews of games programs, as well as 
covering business packages and hard- 
ware at all prices. 


It is not the best magazine for the 
complete beginner or anyone who just 
wants programs to type in to the compu- 
ter. If you are interested in the wider world 
of computing beyond yourown particular 
micro then you should find something of 
interest in it. 


Epson QE- Gand Toshiba T-100 
Disc drives for the BBC Micro from LVL. 
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What Micro? 


This is quite a newcomer to the magazine 
market. It has general interest and review 
articles, but few programs. Its main selling 
point is that it contains extensive compila- 
tions of what is on the market. These take 
up about half the magazine, and are 
presented as a set of strictly factual tables. 


It lists micro-computers in five sections, 
cording to price range; from under 
£500 at the bottom to over £3500 at the 
top, with the range in between divided 
into ELOOO intervals 


For each computer it gives the price, 
various pieces of technical information, 
such as size of RAM, screen format, sort of 
keyboard and so on, and lists the add-ons 
that are available. It then gives each one 
“points out of a hundred” on its suitability 
for games, business and scientific use, 
ease of programming, plus an overall 
rating. 


It also gives listings for printers, disc 
drives and plotters. In all cases the 
technical terms used are briefly explained, 


It is well worth investing in a copy of 
Whai Micro? if you are thinking of buying 
a computer {or adding disks ora printer to 
your existing machine} but are still not 
quite sure which one to go for. It does not 
tell you everything you need to know 
when choosing your computer, but it can 
tell you what is available in your price 
range, and give you an idea of which ones 
to investigate further, 


Personal Computing 


Today 


Personal Computing Today is another of 
the large set of general interest maga- 
zines, but with an emphasis on program 
listings and reviews. It concentrates on 
home and entertainment rather than 
business use. 


It has useful “factfile” on micros under 
£1000 and what software is available for 
them. 


It is quite a good magazine tor anyone 
who is fairly new to the subject, has a 
computer at home, and is looking for 
ideas or games to use with it. 


If you are still trying to decide which 
computer to buy, and you are looking for 
something to use at home rather than in 
business, then the “factfile” and associ- 
ated listings of what programs you can get 
are useful guides. 


Computing Today 


Computing Today comes from the same 
publishers as Persona! Computing Today, 
and bears a distinct similarity to it in style. 


It carries occasional articles describing 
aspects of computing in clear and simple 
language, and these are often worth 
reading, and even keeping for future 
reference. 


Its general tone sometimes gets a little 
bit over self congratulatory, especially 
when describing a long and complex 
program. But it is the program that people 
actually want, so you can probably live 
with any defects in the style. 


Arcade Action on your 


fieec Micro with 


r Froglet game 


Manage information more 
effectively with our 
Tandy disc database 


Your Computer 


Yet another 200 pager, Your Computer 
places emphasis on machines in the 
£500 and under price range. 


It usually has plenty of prograrn listings, 
with’ a slight bias towards games and 
novelty ideas, although useful programs 
fin the sense of not being games, but 
applications or utilities to help you write 
your own programs) also appear. 


It often contains teaching articles, 
designed to introduce and explain some 
new aspect of computing to micro owners. 
These are not for the complete beginner, 
as they assume some knowledge already, 
but they are good if you want to expand 
your frontiers and computing expertise. 
For example, it might have an introduc- 
tion to some machine code which assumes 
you already know Basic; or it may 
describe some interesting graphics tech. 
niques for a particular computer, 


Once again, a good general interest 
read, but one that will also get propped up 
behind the computer occasionally. If you 
are relatively new to computina it is well] 
worth having a look at. 


Personal Computer 
News 


Personal Computer News is the second 
weekly magazine on the market, but this 
one comes on glossy paper, and in 
presentation and content can actually be 
compared favourably with some month- 
lies. 


It is again aimed at the home cornputer 
owner. It contains a few program listings, 
but its main strength is reviews, These 
cover hardware and soltware, from new 
computers and add-ons to games pro- 
grams, business packages, and program- 
ming utilities. 


There are also short articles on program- 


f techniques for various computers, and 


these can be informative for the new- 
comer. 


For a weekly magazine Persona! Com- 
puter News is very well produced. Its 
contents make it good for reading on 
trains or buses, or in a comiortable chair 
alter a hard day's work, because it is a 
magazine about computing, rather than 


one to use with a computer, 


Popular Computing 
Weekly 


Electronics and 
Computing seas 


It the market can support twenty or more 
dilflerent magazines every month then 
there should be an opening for one 
coming out every week. At least that must 
have been the reasoning used by the 
publishers of Popular Computing Weekly, 
and as it has been going for a year anda 
half now it looks like they were right. 


It is like a cut-down version of many of 
the monthly magazines, except that the 
news tends to be much more up to date, as 
you might expect. It is published on 
slightly better than “newsprint’ quality 
paper rather than the glossy paper used 
by most of the monthlies. 


Besides news it contains some reviews 
and regular “chat columns, but the main 
emphasis is on program listings, in 
particular games. 


The nice thing about a weekly maga- 
zine is that it gives you something new to 
read, and maybe a program or two to 
adapt for your own micro, 52 times a year, 
instead of just 12. 


Com pomputi uting 
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As its title suggests, Fi 
Con mputing Mant? y co 
ware and software. It 


programs for the popular mic and 
structional projects for those interes 
ted in hardware. 


stingly all. it deseribes 
proj which c ea So headhuria whic 
you can build and attach to your mic 
and the software that can then be use 


drive it. 


To take a simple example, it might 
describe an interface thatcan be plugged 
into a 2X81 to allow it to c 
with the outside world, and than show 
how to program it from Ba The articles 

c from simple to techrucally 


Quite a few home computer addicts also 
have a strong interest in electronics, and 
enjoy combimng typing at the keyboard 
with wielding a soldering implement. This 
is the magazine for them. 


If you know nothing about electronics 
and are a novice programmer then you 
will probably find yourself a bit lost in its 
pages. If you know 4 little about elec- 
tronics and want to get into comput 
ing, or know something about computing 
and want to get into electroni then 
Electronics and Computing Mon 


well be for you. 


Electronics 
‘compuring 


MONTHLY 
Britain's Firet Ewetronics & Computer Applications Magazine 
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nd 
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Byte is an import rom the USA: and just ! 
about the only magazine from that coun: 
try: Hb is sith seriously. On the sai : 


e( 
generally goes for. magazines ions Bytei is 
thé pick at the American banch. 


Becatise ithe io travel so far is very 
expensive by the time it hits the B 
bookstalls: The reviews are all aimed a 
the American audience, where the range 
of products available (and their prices) is: 
rather different to here. People buy Byle 
for ils. software articles, which are once: 
sionally excellent. 4 


‘For most people lid is ite a magazine to 
buy every month, but take an surrept- 
tious peek atits contents pages occas. 
sionally when you see it onthe news 
stands to lind out if thatissue has peering 
of interest tor you) 


: Soft 


Soff is another new: magazine. It comes 
from the same stable as PCW. so working 
on pedigree alone it will bear watching: 


lt describes itself as being devoted te 
“‘microcoinputer software in all its aspects’: 
It will include reviews of new games, 
business packages, and programming 
{ools. Discussions of soltware techniques 
and programming languages and news 
about ‘the software industry are also 
promised. 


The. tirst issue: is denoted Sai to 
reviewing programs: of all sorts. On the 
whole these seem to be well done, aridare 
quite readable. Atthe back ol the magazine 
are listings of what soltware ob various 
types is available. — 


It will no doubi ‘ake Suis few monthsita 
settle down into 4 reqularstyle butsolar it 
looks like @ poteritial winner. Take a look | 
at itif you havea micro.and either wantto 
improve your programming or: warit:to °° 

“know where to ay Lisi programs yous : 
want 


Which Micro? 


From its title you should be able to quess 
that Which Micro? specialises in listings 
of information on what computers are on 
the market. It also does quite a lot more, 
and carries good reviews and general 
interest articles, as well as the usual news 
items. A centre section, which can be 
pulled out to look like a magazine of its own, 
contains software articles and some pro- 
gram listings, with the emphasis on 
games. 


The collection of information promised 
by the title comes in the form of a monthly 
section of about 15 pages listing compu- 
ters from £40 to £5,000 arranged accord- 
ing to price. For each one it gives some 
basic technical information, and then a 
few words of comment about the hard- 
ware and what software is available for it. 


Which Micro? is worth a look if you are 
about to buy, and you should also find 
something of interest in the articles. 


Micro Update 


Micro Update is a recent entry to the 
monthlies market, It has its own buyer's 
guide, covering computers costing up to 
£5,000, again arranged by price and 
giving basic technical data and some 
comments about each one. It also has an 
unusually detailed list of the computer 
clubs that exist around the country. 


Micro Update is aimed at least partly 
towards the computer user in small 
business. It carries an extensive listing of 
what business applications programs are 
available, and for what computers and at 
what price. 


It has a few programs, but besides the 
various listings most of the magazine is 
taken up with general interest articles, 
some aimed at the home computer owner 
and others at business applications. 


Acorn Electron 
and Binatene 


Plus Software 
Review with the | 


| 


Home Computing Weekly 


I sometimes wish they would make these 
magazine titles more subtle. O.K., thisone 
comes out weekly, and is about home 
computing. As with the other weeklies it 
contains a fair selection of news and 
comment. It seems to be aimed at those 
with computers currently selling in the 
£300 and under range. 


After the news pages the rest of the 
maqazine is divided roughly equally bet- 
ween program listings (mainly games 
again}, reviews of hardware and software, 
and general interest articles. 


Home Computing Weekly comes trom 
the same publishers as Computing Today 
and Persona! Computing Today, and the 
style is not dissimilar. Like the other two 
weeklies, it is cheap enough to make a 
reasonable read on the bus or train, and 
maybe there will be a program in it you 
can use. 


Home 


computing 


THE SOUND OF 
‘SOFTWAR 


EXCLUSIVE 


SOME 14-22, 1903 Mo. $5 


“GOSH for o Fair deat 


HIRE AND FIRE 
Cheaper video gaming 


Programs for the BBC. ZXAl. Spectrurg,. 
Texas,Vid andmany more 


Specialist magazines 


As well as all those general interest 


magazines, with various styles and empha- 


re. Spectrum Special 1 


ing, more and more monthly magazines IAN STEWART & —— JONES 
are appearing that concentrate on one or 


two individual types of computer. 10 programs of ‘ SPU TRUM: 


At the last count there were something puzzles and games } engine \ 
like three magazines for the ZX81 or ZX with educational ! [Gee v1) 
Spectrum owner, a couple for the BBC value: ee: te N 
Micros, one for the Dragon, and a few Babin Paes 


others. In addition there are some Ameni- Sink the Bi k 
can imports for computers built in the 1 € bismaick, 
USA. Wolf Puzzle, 


Tt <7 Character Builder, 

1e advantage of a specialist magazine . . 

is that almost everything in it will be Tiger Hunt, Pie Chart, 
applicable to you - always assuming St. Moritz, Hidden Words, 
you've bought the magazine that matches Tower of Hanoi, Picasso, 
your computer, of course! The disadvan- Statistics made Simple. 
tage is that they may notcarry much news 
about what is going on the wider world of ISBN 0 906812 429 


microcom puters 


Mostly they concentrate on program Ps 
listings for you to type in, with the S ectrum S ecial 9 
emphasis on games, but with other odd p 
useful bits and pieces also appearing. 
Have a look in any good newsagents or 


bookstall to see what is about for your 
computer, and give it a try 


IAN STEWART & ROBIN tilt 


Not all Id th h A tunther 
ot all magazines are so roug éntlertion of 

newsagents. There are “user groups”, for S , ; oa 

many of the more popular makes of tewart and Jones Yan’ oe 
srecaiset PUBLICATION computer, and these often have a news- programs: <" 

letter, containing programs and articles, Se 

ene ers to cen zat rae Brickbat, Automatic 

annual subscription. The quality of these Morse, Anagrams 

ranges from excellent to “at least | won't : 

have to buy any more Andrex”. As you against the Clock, 

usually have to pay a yearin advance try World Map, Magic Forest, 

to find somebody else who is a member of Fair Shares, Stringing 

the user group and get a look at a typical the Ton, Chaos, 

newsletter before investing. 


Block Renumber. 
Read on! 


We have looked briefly at a good few of 
the magazines, and there are others 
available as well. It is worth reading one 
or two magazines each month, just to ~Computer Puzzles: For Spectrum & ZX81 
keep up with what is going on, and to see Ian Stewart and Robin Jones £2.50 


if any new hardware or soltware goodies 
-ha 
are coming out for your own computer. ay) arenas ne ZX mpeetan 


-Further Programming for the ZX Spectrum 
Ian Stewart and Robin Jones £5.95 


ISBN 0 906812 44 5 £5.95 


All these programs are enhanced versions of some de- 
scribed in our range of books for the Sinclair ZX Spectrum. 


Have a good read - but don't fall into the 
trap of spending all your time reading 
about computers and never using them! 


Available from booksellers or direct from the publisher. 


shiva Publishing Limited 


4 Church Lane, Nantwich, Cheshire CW5 5RQ 
Telephone: (0270) 628272 
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For a start, home computers probably won't get very much 
cheaper, but you will get more for your money. We are 
seeing this trend already. Nobody seems very keen on 
selling a computer much under the £50 mark, but where 
£100 would have got you about 1K of memory, no sound, 
and a black and white display a couple of years ago, now it 
will bring colour, 16K of memory, and sound. This trend will 
undoubtedly continue, giving you more power per pound, as 
chip manufacturing techniques become more and more 
advanced 


Computers will become easier to use. Speech output is 
already a reality, at least in a limited form, and soon speech 
input will become the norm. This will give a great boost in 
popularity, aided by general purpose software packages. So 
called "Expert Systems”, which are “taught" by a human 
(about some particular subject} will gradually come into 
Oommon use, 


Computer programming will, paradoxically, get both more 
difficult and less difficult at the same time. It all depends what 
you mean by programming. For example, before wandering off 
computer to switch 


for a weekend break you ight tell the house 
on the heating if the weather turns cold, and turn on the oven 
just before your return. This is programming within the 
meaning of the act because it consists of giving instructions to a 
computer, including conditional actions depending on what 
has happened. Yet the computer itself will have been designed 
to make it easy to tell it what to do 


Writing the program to tell the house computer how to 
obey your instructions will be more difficult, because of the 
sheer complexity and diversity of the possible tasks. In other 
words, computers will need a much cleverer “operating 
system”. Fortunately they will mostly come ready loaded with 
the system programs appropriate to their task. 


Tiny, dedicated computers will appear in all sorts of places 
simply because they can do a job more cheaply than by 
traditional methods. Take tuning a radio as an example; 
mechanical tuning circuits have not come down in price 
very much, as nobody has worked out how to make them 
more cheaply. Expensive radios have “electronic” tuners, but 
these still need knobs and switches on the front for the owner 
to twiddle 


How long will it be before it is cheaper to rid of the whole 
mechanical tuning circuit, and replace it by a tiny computer 
on achip with a built-in microphone that accepts commands 
frorn the other side of the room, such as “wake me up at 7.30 
with the buzzer and then switch to Radio 4 alter tive 
minutes?" 


Why build expensive infra-red or ultrasonic remote control 
units for television when it is cheaper to fit a voice recognition 
computer that literally does what it is told? It will have to have 
stereo ears, of course, to make sure it does not get confused 


by voices coming from the television itsel!! 


Industrial robots are already being fitted with TV cameras 
ion input. At the moment they are fairly stupid, but for 


tor v 
how long? In another decade or two we could have reached 
the state where a computer could safely drive a car. 


In 50 years - maybe less - driving could be an almost 
unknown art, practised only by enthusiasts away from the 
public roads, while computers get on with the job of 
transporting goods and passengers. They'll bump into each 
other a lot less often than people do! 


Computers will be linked together. Some surprising links 
already exist. In certain travel agencies in the USA if you pay 
for a ticket with a UK credit card a signal is flashed across the 
Atlantic checking your credit worthiness and the reply 
comes back while you're still trying to find your pen to sign 
the slip, 


Networks of this sort will become bigger. At the same time 
"local networks” will come into being. The various devices in 
a house will have their own computers, but they will all be 
slaved to a central, master computer which will control the 
overall running. The master computer itself will be in 
communication with other computers. There will thus grow a 
orks, like the telephone system (local, trunk, 
ot that computers will have many more 


hierarchy of neti 
international}, ¢ 


levels 


For example, the CEGB is already looking at ways to 
extend the concept of cheap off-peak electricity to the 
introduction of continuously variable tarrifs, depending on 
lhe irmmediate demand. Thus the house cornputer could 
de that as electricity was particularly cheap for an hour 
», it would be a good idea to switch the central heating on 


ora while. 


Dees all this sound like Big Brother? Are computers going 
© take over? That depends how people use them. Consider 


the steam engine, and latterly the interna] combustion 
engine, These revolutionised industry, and changed Europe 
trom a land w vast majority of the population worked 
ong hours on farms to one where only a small number work 
on food production, and the whole population has much 
more free time THE WIZARD'S WARRIORS: A fasi moving game 
Ans cotnis hac eyes ¥saamencalceibeal tes lie eeevearabe alinie Oe that matches developments in your skill as a player 
Ampulers have tne potential to do ine same thing lor by becoming increasingly more devious. By offering 
tedious “brain labour’ that steam did for manual labour to you the full range of options you can choose how 
But the steam revolution did not happen overnight and not to ae nc bg through the aban * ne 
ak Gaetaltios. Tathass iano nes ears implementation of this program enables such features 
casualties, To those trapped in the horre as a continuous series of sound effects, arcade quality 
graphics, double-point scoring, and--for the very 
artful --bonus lives, 


of the 


FORTH: A full implementation. Ideal for writing fast 

moving arcade type games. Allows the full colour and Spectrum 
sound facilities of the Spectrum to be used. Future 14495 
Microdrive enhancements will be made available. 


steps so 
DOrler we come to terms with the cornputer, and all it 
ar we will all be in 4 position to benefit fram 
locry. ADVENTURE ONE: Features a save game routine as 

; ig the game can take months to complete. ZX81 £5.95 
Computers are not magic. nor intrinsically evil or good. ‘a remarkably good version....well worth the money.’ 

snot be loved or hated. Like all machines they are » Sinclair User... 

otally immune to emotion. Itis what people do with MAZEMAN: A fast action m/c game that reproduces Spectrum 
computers that matters. To be able to think constructively & the spirit of the original. £4.95 


he new techno 


about computers you must understand them. Now is the time ‘..is very accurate and fast.’ ... Which Micro?... ZX81 £4.45 
o start learning. You can have a Jot of tun while doing it toa! CHESS 1,4: Ten levels of play with thie m/c program. 


Good graphic screen display. ZX81 £5095 
‘In a class of it’s own.” ... Your Computer... 


INVADERS: Very fast m/c action. Includes mystery ZX81£4,45 
ship and increasingly difficult screens. 


7 MAES AFALLEN, BOW ST., DYFED, SY24 5BA 
24hr Ansaphone 0970 828851 


m.& , lm ; 
Death stalks the Swamp at every turn. Nowhere is safe and The first of the new exciting adventure games, specially 
you're on your own. You survive on your wits alone with nobody commissioned by Kayde and written by a science fiction writer. 
§ to help you. Be thankful it’s only the latest game from Kayde The first game is set in and around a castle littered with monsters, 
You'll gasp with relief when you come to the end of the struggle mazes and magical items. You must find the correct items before 
against some of the most dangerous monsters ever programmed. facing Fordel, the elete Leopard Lord, because you won't get a 
You can be sorcerer, wise man, mercenary, knight or a druid. second chance. Leopard Lord or the Swamp for just 


But you've got to be good. No silly problems to hinder your , : 3 
progress. It’s just you against the swamp. Leopard Lord is not available for Vic 20. 


Create your own characters the easy way. You get 
three character sets with this program and it 
enables you to load characters into the VIC 20 
for use in your own games. Just the thing for the 
adventurous programmer for only 


Get the best from your VIC 20 with Kayde Keys 
- the program that saves time and effort on 
function keys and characters. The function keys 
will run, list, save and load your programs and 
enable you to write your own software. Just load 
and run. Kayde Keys works on just over 300 
bytes and costs only 
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TOUCHWOOD (16K 2X81) 
A fast moving, exciting and highly graphical game 
based on Frogger the popular arcade game. 
Dodge cars and juggernauts then combat the log 
infested river to get safely to the other side. 


ALL ITEMS AVAILABLE AT GREENS STORES 


Mail Order + Showroom New London Showroom 
Kayde Software Systems Ltd., The Conge Kayde Home Computers Ltd 24 HOUR TELEPHONE SERVICE: 
Great Yarmouth Norfolk NR30 1PJ 1 Station Approach Tel: (0493) 55253/57867 
Tel:(0493) 55253/57867 Telex: 975525 KAYDE G. New Eltham London SEQ Tel: 01-859 7505 Dealers Welcome 

ie eR a a nis — sont si secane . apeemenenennesnenenaguemeanseenmenitiapmneniemmenee 


eR actin BEd Borne Secon ne i YOUR Gao 
TO: KAYDE SOFTWARE SYSTEMS LTD H YOUR 
DEPT. CYO 6 THE CONGE, GREAT YARMOUTH, aes manta ay Ae x ha) 
NORFOLK NR3O 1 PJ *| enclose a cheque/postal order payable to KAYDE Software Systems Ltd, {or 


PLEASE PRINT AND STATE TYPE OF COMPUTER £ *Please charge to my Acc /Barclaycard/Trustcard account no. 


*Please dele ram | | | | | 
as applicable Z 


Signature 2 


Name: Mr/Mrs/Miss | | | | | | | | | J 
Address | | | | | | | | | || 


